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The early results experiments determine the susceptibility 
Anopheles punctipennis infection with the parasites ter- 
tian malaria have been recorded two recent articles the writer 
(1915-1916). these was shown that this species efficient 
host Plasmodium vivax, and the second article foot-note was 
appended stating that had also proven host Plasmodium 
falciparum, the parasite estivo-autumnal malaria. 

the present paper are given further details this series 
experiments which the susceptibility crucians, 
well Anopheles punctipennis, has been established. The in- 
formation acquired upon the relative susceptibility these two 
species together with Anopheles quadrimaculatus also included. 

study the literature applying this subject has revealed the 
fact that extremely small amount experimental work has actu- 
ally been done with the species Anopheles occurring the United 
States. The experiments with Anopheles punctipennis were contra- 
dictory and inconclusive, and, stated the previous articles, 
the impression had become current that was not factor the 
transmission malaria. The proof its efficiency host 
malaria parasites does not, course, establish the degree its im- 
portance the transmission malaria. This depends well upon 
its food habits relation man, its prevalence, and distribution. 
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regard crucians, nothing has been found the early literature which 
establishes with certainty the proof its susceptibility, although has been 
included among the efficient hosts several authors, notably Howard, Dyar, 
and Knab (1912), and Knab (1913). They refer the experiments reported 
Beyer, Pothier, Couret, and Lemann (1902), Dupree (1905) undoubtedly 
does also accrediting the proof Couret and Beyer. The statements are 
evidently based upon misinterpretation the report. 

The results the experiments Beyer and his associates may summarized 
follows: With crucians, infections were obtained with tertian parasites 
two specimens with quartan parasites three specimens, while none were 
tested with estivo-autumnal malaria. With one specimen 
three became infected with tertian malaria and two specimens five with 
quartan. The five fed blood containing estivo-autumnal parasites were 
negative. Their incrimination crucians host estivo-autumnal ma- 
laria was based epidemiologic considerations. 

Mitchell (1907) made the statement that Dupree had shown her the parasites 
the salivary glands three species (A. crucians, and 
punctipennis). Dupree himself, however, made reference his having 
obtained infected specimens crucians. 

Recently Mitzmain (1916) obtained negative results with 219 punctipennis 
dissected from days after multiple bites individuals whose blood 
contained varying numbers estivo-autumnal crescents. One specimen 
three crucians fed one the gamete carriers showed infection. 

The susceptibility was established the work Thayer 
(1900), who obtained positive results with this species for both estivo-autumnal 
and tertian malaria—(one infected specimen with the former and two with the 
latter). Woldert (1901) conducted nine experiments with quadrimaculatus. 
The first experiment with tertian malaria failed. Fourteen specimens dissected 
the following six experiments with tertian were all negative. the last 
two, with estivo-autumnal malaria, two positive specimens were found among 
the seven dissected. Berkeley (1901) succeeded after repeated experiments 
inoculating with the tertian parasite. Hirshberg (1904) 
obtained eight infected series forty-eight fed five 
estivo-autumnal gamete carriers. Beyer, Pothier, Couret, and Lemann reported 
infections this species after the ingestion the parasites tertian and 
quartan malaria. 

fourth species Anopheles (A. pseudopunctipennis), reported from the 
Southern United States, was found positive for the parasite estivo-autumnal 
malaria experiments Darling (1910) the Panama Canal Zone. Out 
thirty-one specimens dissected, four were found infected. From the small 
number infected under the most favorable artificial conditions, and because 
the fact that relatively few this species are taken dwellings, Darling con- 
cludes that pseudopunctipennis only slightly concerned the transmission 
malaria. 
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The importance the accurate determination the exact relation each 
species Anopheles malaria transmission has been emphasized the results 
number noteworthy investigations, which have shown that the greatest 
variation susceptibility exists among the different species this genus. Some 
species are entirely immune, while certain species manifest difference sus- 
ceptibility the different species malaria plasmodia. Walker and Barber 
(1914) have given excellent discussion these phases the subject the 
introduction their paper the Philippine 


EXPERIMENTAL. 


The experiments reported below were conducted New Orleans 
during the months November and December, 1915, and January, 
1916. The adult mosquitoes the two species, Anopheles quadri- 
maculatus and Anopheles punctipennis were bred from larval material 
supplied Mr. Van Dine, the Bureau Entomology, 


from Mound, La. Since bred material Anopheles crucians 


was available, specimens collected the open were used. flight 
this species into the city occurred this time and upon examina- 
tion was found that only very small proportion them had had 
blood meals. The specimens used for infecting purposes were selected 
from the ones which distention the abdomen with blood 
developed ova could detected. 

The experimental mosquitoes were given but one meal infected 
blood. They were fed individually, not lots usually done, 
that the fact their having fed was thus made certain each 
case. Before the blood meal and afterwards, the diet consisted 
raisins and water. Between the times the blood meal and dis- 
section, each specimen was kept separate container. 

Table given part the data obtained from the examina- 
tions females Anopheles punctipennis after they had fed 
estivo-autumnal gamete carriers. The examinations were made 
intervals ranging from days. all, twenty-two speci- 
mens were fed two patients. Two specimens were not examined. 
one the patients four feedings were made different days. 
Case 514 showed medium number gametes the blood, but 
since other species besides punctipennis were fed this case, 
satisfactory explanation the negative results cannot made. 
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TABLE 
Results Experiments with Anopheles punctipennis and 
Parasites. 

Result examination. 

Midgut. Salivary glands. 
1915 1915 days 
1916 


Specimen 602.1, the salivary glands contained only very few 
sporozoites. No. 626.1, one oocyst and one empty capsule were 
found upon the stomach, and the salivary glands contained large 
numbers sporozoites all the lobes both sets. No. 617.4 
(Figs. and 14), one oocyst and one empty capsule were present 
the stomach. The oocyst showed well developed sporoblasts. 
The salivary glands this specimen were heavily infected with 
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sporozoites. No. 620.1, eight oocysts were counted the stom- 
ach, five which were placed toward the anterior end the en- 
largement the midgut. Two the oocysts were the last stage 
development before the release the sporozoites, and four were 
large but without visible sporoblasts. measurement the lat- 
other two were very small—not over microns diameter. 

Table are shown the results the examination females 
Anopheles punctipennis after feeding tertian gamete carriers. 


Further details this series have been given previous article 
(King, 1916). 


TABLE II. 


Results Experiments with Anopheles punctipennis and Tertian Parasites. 


Date Result examination. 


Midgut. Salivary glands. 


Table III shows the results obtained with specimens Anopheles 
crucians fed upon estivo-autumnal gamete carrier. total 
thirty-five females were fed during period days, but this 
species lived poorly captivity, and sixteen which died soon after 
the blood meal were unsuitable for examination. The fact that 
they were mosquitoes and not bred, were the other two 
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species, may account for this high mortality. Seven other speci- 
mens which were used another experiment could not included 
the tabulation. 


TABLE 


Results Experiments with Anopheles crucians and Estivo-Autumnal Parasites. 


Result examination. 


Midgut. Salivary glands. 
1915 1915 days 


Specimen 703.6 (Figs. and 6), had very large number 
oocysts the stomach; the number was estimated after had 
been counted. ranged size from microns diam- 
eter, the majority probably between and 50. No. 703.8 had 
medium infection the center lobes the salivary glands (compare 
Fig. heavy infection all the lobes the glands existed 
No. 703.9. Five oocysts were present the stomach No. 
703.12. Two these measured microns. No. 705.8 
small number sporozoites were found the salivary glands. 
No. 709.1, one large oocyst, microns, was present the 
stomach. The condition the salivary glands was such that the 
presence sporozoites could not definitely ascertained. One 
oocyst measuring microns diameter was found the stomach 
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No. No. 710.3, one oocyst was present the stomach 
and the glands seemed contain but their condition 
made the diagnosis uncertain. No. 710.4, one oocyst was seen 
the stomach. 

Table shows the infections occurring specimens Anopheles 
quadrimaculatus with tertian parasites, and Table with estivo- 
autumnal parasites. 


TABLE 


Results Experiments with Anopheles quadrimaculatus and Tertian Parasites. 


Specimen Date Date Result examination. 


No. feeding. dissection. Interval. Case 
Midgut. Salivary glands. 
1915 1915 days 
349.2 Nov. Nov. Not examined. 507 
365.2 509 
372.1 
373.3 
374.1 


‘ 
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TABLE 


Experiments with Anopheles quadrimaculatus and Estivo-Autumnal 
Parasites. 


Result examination. 


Midgut Salivary glands. 
1915 1915 days 

Nov. Nov. Not examined. 506 
350.2 
381.2 511.8 


Since infections resulted from Case 506, the percentage from 
Case 511 only shown. 

The total number mosquitoes the three species examined 
too small permit very satisfactory comparisons, but the indi- 
cations relative susceptibility shown Tables and VII are 
interest. these only those specimens which were fed the 
same gamete carriers have been included. Since the females 
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Anopheles crucians were not bred, while those the other two species 
were, the results are perhaps not strictly comparable. 


TABLE VI. 


Comparative Results with Plasmodium vivax. 


punctipennis.| 


TABLE VII. 


Comparative Results with Plasmodium falciparum. 


Table VIII are shown the proportion gametes leukocytes 
the blood upon which the mosquitoes fed. Case 511 was em- 
ployed for feeding purposes several different days extending over 
period weeks. may seen from the earlier counts, the 
numbers gametes were extremely high. 


TABLE VIII. 


Comparative Counts Leukocytes and Gametes Made from Stained Blood 
Smears Taken the Time the Feeding the Mosquitoes. 


Case No. Species No. leukocytes Gametes per 


counted. Gametes. 100 leukocytes. 
509 vivax. 131 
falciparum. 300 526 
100 143 143 
511.6 200 187 
511.8 350 106 
511.9 350 128 
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The mosquitoes used the experiments were kept darkened, 
screened box the laboratory. Temperature and humidity records 
for the entire period were kept means Friez recording instru- 
ments placed beside the box. The temperature this room was 
usually higher and fluctuated less than the outdoor temperature, 
and during part the time the room was artificially heated during 
the day. The temperature the laboratory rarely fell below 60°F. 
Dec. 28, however, the minimum was 51°, and the 29th, 49°. 


TABLE 


Weekly Mean Temperature and Per Cent Humidity (Relative) from November 
1915, January 16, 1916. 


Week. Mean temperature. 


humidity. 
per cent 
Nov. 1-7 76.7 60.3 
79.7 65.5 
71.6 48.7 
Dec. 6-12 64.0 
68.7 62.0 
65.4 54.2 
Jan. 3-9 64.4 
69.1 51.6 


explanation the long developmental period the parasites, 
exhibited these experiments, undoubtedly found the tem- 
perature conditions prevailing during the time. The length the 
sexual cycle usually given from days, but the exact re- 
lation temperature the period development has not been 
carefully ascertained. 

SUMMARY. 


Since knowledge the susceptibility any species Anopheles 
infection with malaria parasites great importance deter- 
mining its part the transmission malaria, the experiments re- 
ported here were undertaken, and included the three most prevalent 
species this genus occurring the United States. result 
these experiments Anopheles punctipennis shown efficient 
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host the organisms tertian and estivo-autumnal malaria, 
pheles crucians estivo-autumnal malaria, least, and information 
has been obtained upon the relative susceptibility these two species 
and Anopheles quadrimaculatus. ‘The latter species has been known 
efficient host since Thayer’s experiments 1900, and has 
been considered the principal species concerned the trans- 
mission malaria the United States. 

With Anopheles punctipennis, developmental forms the exo- 
genous sporogenic cycle Plasmodium vivax were demonstrated 
six (85 per cent) the seven mosquitoes dissected, and the develop- 
ment Plasmodium falciparum, four (20 per cent) twenty 
specimens. These four infections, however, occurred series 
thirteen specimens fed one person, that the percentage was 
actually 33. 

With Anopheles crucians, oocysts sporozoites both oocysts 
and sporozoites Plasmodium falciparum were found nine (75 
per cent) the twelve specimens dissected. tests were made 
with this species and Plasmodium vivax. 

Anopheles quadrimaculatus was employed control species 
the experiments and became infected the following ratio: eight 
(66 per cent) twelve specimens with Plasmodium vivax, and three 
(15 per cent) nineteen specimens with Plasmodium falciparum. 

determining the relative susceptibility the three species 
only those individuals which had fed upon the same gamete car- 
riers are considered. The number mosquitoes from which the 
percentages are computed too small make the results entirely 
conclusive, but the indications are that Anopheles punctipennis 
and Anopheles quadrimaculatus are equally susceptible infection 
with Plasmodium vivax, per cent each species under the same 
conditions being positive. With Plasmodium falciparum, Anopheles 
crucians showed the highest percentage infection (75 per cent), 
Anopheles punctipennis second (33 per cent), and Anopheles quadri- 
maculatus third (23 per cent). 


The writer desires acknowledge the cooperation and advice 
received from Dr. Bass and Dr. Johns, the Labora- 
tories Clinical Medicine the School Medicine Tulane 
University. 
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EXPLANATION PLATES.! 


PLATE 98. 


Fic. Plasmodium falciparum Anopheles crucians (No. 703.6). 
Fic. Oocysts Plasmodium vivax Anopheles punctipennis (No. 612.1). 


PLATE 


Fic. Two oocysts Plasmodium vivax Anopheles punctipennis 
(No. 612.1). 


Fic. Plasmodium vivax Anopheles punctipennis 
(No. 612.1). 


100. 


Fic. oocysts Plasmodium falciparum Anopheles crucians 
(No. 703.6). 


Fic. Ten oocysts Plasmodium falciparum Anopheles crucians (No. 
703.6). 


101. 


Fic. oocyst Plasmodium falciparum Anopheles punctipennis 
(No. 617.4), showing formation sporoblasts. 
Fic. Same Fig. more highly magnified. 


102. 


Fic. oocyst Plasmodium vivax Anopheles punctipennis (No. 
body contained active sporozoites and was the point rupturing. 

Fic. The empty capsule oocyst Plasmodium vivax Anopheles 
punctipennis (No. 612.5), after the escape the sporozoites. 

Fic. Two empty capsules oocysts Plasmodium vivax Anopheles 
punctipennis (No. 614.1). 


103. 


Fic. normal salivary gland Anopheles crucians, showing the rela- 
tion the three lobes. 

Fic. mass sporozoites Plasmodium vivax Anopheles quadri- 
maculatus (No. 365.5). These were expelled from the salivary glands the 
pressure the cover glass. 


The author greatly indebted Dr. Johns for aid the preparation 
the microphotographs infected mosquitoes, and Dr. Thayer 
Baltimore for confirmation his interpretation several the preparations. 
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104. 


Fic. Plasmodium falciparum glands Anopheles puncti- 
pennis (No. 617.4). (Although very poor illustration has been included 
since the only microphotograph obtained sporozoites this 
mosquito.) 


Fic. 15. Sporozoites Plasmodium vivax.in Anopheles quadrimaculatus 
(No. 373.5). 


105. 


Fic. 16. Sporozoites Plasmodium vivax Anopheles quadrimaculatus 
(No. 365.1). This illustrates the typical clumping one the gland cells. 
Fic. Same Fig. 16, more highly magnified. 
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(King: Development of Malaria Parasites.) 
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(King: Development Malaria Parasites.) 
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INTESTINAL OBSTRUCTION. 


VI. Stupy Non-CoAGULABLE NITROGEN THE BLOOD. 


COOKE, M.D., RODENBAUGH, M.D., anp WHIPPLE, M.D. 


(From the George Williams Hooper Foundation for Medical Research, and the 
Department Pathology the University California Medical School, 
San Francisco.) 


(Received for publication, March 1916.) 


This communication deals with analyses the blood intestinal 
obstruction, intestinal closed loops, and other acute intoxications. 
The tables give figures for non-coagulable nitrogen, urea nitrogen, 
and some instances the total nitrogen partition the blood. Our 
interest this study the blood was aroused communication 
Tileston and Comfort (1), who large series human cases re- 
ported three cases intestinal obstruction with very high non-coag- 
ulable nitrogen. Since that time have studied the blood various 
experimental animals which were being observed connection with 
other experimental work. 

found that most cases intestinal obstruction, especially 
with signs acute intoxication, showed high non-coagulable blood 
nitrogen, and seemed possible that this factor might value 
diagnosis and especially prognosis acute abdominal conditions. 
Weare now convinced that this non-coagulable nitrogen determination 
value various acute intoxications. the reading high, 
one may assume dangerous grade intoxication, but, the con- 
trary, one may not assume that low reading gives evidence slight 
intoxication, because fatal outcome may associated with low 
reading. considerable value know that the non-coagulable 
nitrogen the blood may show high readings other conditions be- 
sides renal disease. 

the other hand, determinations the blood urea alone are 
somewhat less value studying the retention products the blood 
these conditions. our experimental animals the blood urea 
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has varied from less than per cent more than per cent the 
total non-coagulable nitrogen, and, while high urea reading the 
rule, the variations the urea curve and the curves the other non- 
coagulable nitrogenous substances are great that the urea reading 
somewhat unreliable index the extent which non-coagulable 
nitrogenous substances have accumulated. 

Our results are given below the form tables and some clinical 
and experimental data are given addition, but not needful 
give the entire experimental data this time. Usually one 
experiment each table given some detail example the 
group. 

Methods. 


Dogs were used most experiments. few cats were used, and one human 
case was included. All operations animals were done under surgical anesthesia 
with the usual surgical technique. 

The blood was taken glass syringe from the jugular vein and used for the 
various tests. When the blood was obtained the time the animal was killed, 
flowed from cannula the carotid. few samples taken extremis were 
obtained after anesthesia opening the thorax and aspirating direct from the 
heart. 

Non-coagulable nitrogen determined follows: With volumetric pipette 
cc. blood are added cc. distilled water, and cc. per cent sodium 
oxalate solution. The mixture brought boil, gently rotating the flask while 
heating, and then faintly acidified with acetic acid. few crystals sodium 
sulphate are added, the mixture shaken, and, after the addition cc. 
per cent solution uranium acetate, thoroughly shaken again and filtered. 
Nitrogen estimations the Kjeldahl method are done duplicate cc. 
samples the clear filtrate,—each representing cc. blood,—and the non- 
coagulable nitrogen calculated for 100 cc. Creatinine and creatine are deter- 
mined the method Folin (2) with standard creatinine zinc chloride. 
Urea determined the method Marshall modified Van Slyke and 
Cullen acid determined the method Benedict (4). 


EXPERIMENTAL OBSERVATIONS. 


Simple Obstruction, Recovery, and Second Operation. 


Dog 15-12.—Mongrel, female; weight pounds. 

Mar. simple obstruction was made the middle the small intestine, 
and small piece tape was fixed about the small intestine occlude its 
lumen but not injure the intestinal wall. 


: 
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Mar. Dog quiet. Temperature 38.5°C. Slight vomiting. 

Mar. 10. Dog shows usual picture obstruction with vomiting. Tem- 
perature 38°C. Weight pounds. 

Mar. 11. Condition the same. Intoxication not striking. Weight 
pounds. 

Mar. 12. Condition the same. Weight pounds. Late the day the dog 
showed intoxication and small pulse. Infusion 1,000 cc. Locke’s solution 
given the jugular. Blood taken before and after infusion. The infusion caused 
clinical improvement. 

Mar. 13. Dog still vomiting; the intoxication not severe. Temperature 
38.5°C. Weight 35.5 pounds. The marked drop non-coagulable nitrogen 
striking feature this experiment, and difficult explain, although the 
diuresis and replacement lost fluid may important factors. Ether 
anesthesia and laparotomy. The obstruction was removed easily, and the in- 
testinal wall closed over sutures. the end the operation intravenous 
infusion 1,000 cc. Locke’s solution. Dog made good recovery from operation. 

Mar. 14. Dog vomited little and refused food. 

Mar. 15. Vomiting continues, and animal eats little. Temperature 38.7°C. 
Weight pounds. Given 1,000 cc. Locke’s solution intravenously. 

Mar. 16. Much improvement; dog takes food; vomiting. Weight 
pounds. 

Mar. and 18. Continued improvement. 

Mar. 19. Improvement continues; dog has passed feces. 

Apr. appears normal. Second operation establish drained loop 
duodenum including about inches the first part the jejunum; distal 
portion loop pulled through puncture wound left rectus; duodenum closed 
below pancreatic duct and gastrojejunostomy done. 

Apr. Dog sick, vomiting. Pulse weak. p.m. Severe intoxication; much 
chocolate colored vomitus. Ether anesthesia. Killed. 

Autopsy.—Thorax, heart, and lungs normal; abdominal viscera are normal; 
peritoneum clean; gastro-enterostomy patent; stomach shows slight engorge- 
ment mucosa. Duodenum between pylorus and point section shows 
swollen and congested mucosa. contains blood-stained fluid. Jejunum 
below gastro-enterostomy shows engorgement its mucosa very like that noted 
after lethal injection toxic proteose. The ileum and colon show congestion 
their extent. The loop contains chocolate-red, slimy material; 
the mucosa shows ulceration, but congested and deep red; there are some 
submucous ecchymoses. 


This experiment interest because the recovery from the 
first obstruction. obstruction was produced the middle the 
small intestine means tape. the 6th day the tape was 
removed second operation, and the dog returned normal 
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TABLE 
Dog 15-12. Simple Obstruction, Recovery, and Second Operation. 


Non- 
2.00 Vomited once. Pulse good. Temp. 38.5°C. 
11.00 Dog vomiting. Condition good. lbs. 
4.00 Dog vomiting frequently. Temp. 38°C. 
11.00 119 Dog vomiting. Pulse good. Feces cage. 


Ibs. Temp. 38°C. 
Dog prostrated. Pulse tension low. Infusion 
1,000 cc. Locke’s solution. 


NS 
wn 


3.20 117 Blood after infusion. Clinical improvement. 
11.30 Dog improved. Vomiting less. 
2nd operation. 1.00 Laparotomy and removal obstruction. Infu- 


sion 1,000 cc. Locke’s solution. Blood 
end infusion. 


11.00 Vomits occasionally. Refuses food. 
10.00 Dog improving. lbs. 
4.00 Dog improving rapidly. Temp. 38.4°C. 
11.00 Dog passed feces. Seems quite well. 
Normal. 
3rd operation. 3.00 Drained loop jejunum. Long operation. 
12.00 Dog much intoxicated and vomiting. Urea ni- 
trogen mg. 
3.00 Animal acutely sick. Killed. Amino nitrogen 
9.3 mg. 


Non-coagulable nitrogen given terms mg. per 100 cc. blood. 


condition. The third operation was performed, and about inches 
the lower duodenum and first portion the jejunum were isolated 
drained loop opening the left side. gastro-enterostomy was 
performed. The animal showed grave intoxication with much vomit- 
ing and death hours. There was peritonitis but some 
interference with the blood supply the drained loop. 

Table shows the fluctuation the blood non-coagulable nitro- 
gen. was steady rise maximum 131 mg. per 100 cc. 
blood the 5th day. The dog was given infusion, and the 
following day the non-coagulable nitrogen had dropped mg. 
One tempted assume simple explanation that the replace- 


ment fluid and the consecutive diuresis sweep out these substances 
from the blood. This undoubtedly does occur, but the story not 
quite simple this. For example, other experiments with 
grave intoxication transfusion may not affect the least the level 
blood non-coagulable nitrogen, spite striking diuresis. 
There evidence point lack eliminative power the 
kidneys factor. 


TABLE 
Simple Obstruction. 


Dog No. opera- lable nitro- Temp. Remarks. 
tion. 
lbs 
Killed. 
nephritis. 
teose injection. Blood before injection. 


jection hrs. Died night. Blood 
after injection. 


Non-coagulable and urea nitrogen are given terms mg. per 100 cc. 
blood. 
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Simple Obstruction for Days. Toxic Death. 


Dog 16-45.—Shepherd, mongrel, female; weight pounds. 

Nov. 10. Simple obstruction the middle the small intestine means 
complete section and inversion cut ends. 

Nov. Dog vomiting, and there steady loss weight. 

Nov. 13. Much thin yellow vomitus. Temperature 39.3°C. Weight 
pounds. 

Nov. 15. a.m. Dog severely intoxicated. Ether anesthesia. Killed. 
The readings for non-coagulable nitrogen and urea nitrogen are given Table II. 

lungs, and heart normal. The viscera show nothing 
interest except slight congestion. The peritoneum dry and clean. There 
are few fibrinous adhesions about the site obstruction. Intestinal tract 
below obstruction collapsed and mucosa normal. The intestine above the 
obstruction shows only slight dilatation. congestion the mucosa 
and ulceration. The stomach shows come congestion the cardia. The 
material above the obstruction consists thin yellow material, like pea-soup. 
160 cc. amount. Kept for further study. 


The protocol Dog gives typical story uncompli- 
cated, untreated case simple obstruction the middle the small 
intestine. Vomiting constant, but the grave intoxication does not 
appear until the 5th day, when the non-coagulable nitrogen found 
high—90 mg. per 100 cc. blood. The autopsy findings are 
characteristic, and the peritoneum clean. 

Table shows considerable variety non-coagulable nitrogen 
readings. The last three experiments show definite rise non- 
coagulable nitrogen above normal, and thisis the rule. The first ex- 
periment, however, good example dog which maintained prac- 
tically normal level spite prolonged obstruction. should 
kept mind that this dog had resistance considerably above 
normal, consequently was not acutely intoxicated, and was killed 
days after operation while still fair condition. similar state 
affairs noted closed loops the intestine, and with slowly 
progressing intoxication the non-coagulable nitrogen may scarcely 
rise above its normal level. 

This table simple obstruction experiments gives also the urea 
nitrogen the blood. noted once that these intoxications 
give different urea readings with high non-coaguable nitrogen than 
found chronic nephritis. Urea nitrogen nephritis usually 


| 
\ 
| 


constitutes more than per cent the total nitrogen, but 
here seen that often falls below per cent. residual 
undetermined nitrogen these experiments constantly high. 
suspect that this fairly constant feature various 
proteose intoxications. 

TABLE 


Closed Loop Duodenum and Jejunum. Gastro-Enterostomy. 


Non- 
mg. 
15-2 Condition good, vomiting. 
3 89 “ “ 
113 Grave intoxication; subnormal temperature. Killed. 
15-9 Blood taken time operation. Weight lbs. 
103 Dog sick, listless, vomiting. during night. 
Dog toxic. Pulse good. 
Dog fair condition. Intoxication moderate. 
135 Dog toxic. Pulse weak. Killed. 
15-14 Blood before operation. lbs. 


Dog vomiting. Slightly toxic. 

Little vomiting. Condition the same. 

a.m. Dog sick. Muscular tremors. 26.5 


Non-coagulable nitrogen given terms mg. per 100 cc. blood. 


Long Loop Duodenum and Jejunum. Gastro-Enterostomy. 


Dog 15-10.—Long haired mongrel, male; weight 23.5 pounds. 

Mar. Isolated long loop including lower half duodenum and upper 
part the jejunum; occlusion was effected means tapes applied usual; 
gastro-enterostomy performed. 

Mar. Dog intoxicated. Temperature 38.5°C. 

Mar. Condition unchanged. 

Mar. Dog very sick; much vomiting. Pulse pressure low. Slow respi- 
ration. 37.3°C. anesthesia and bleeding from carotid, 
which showed arterial pressure scarcely above the usual venous pressure. 

normal. Peritoneum clean and dry, except for few 
bits fibrin close the site operation. Liver shows little congestion. 
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Other organs are normal. The loop completely isclated from the intestine; 
contains about cc. creamy, white, syrupy material having the characteristic 
odor. The mucosa shows very slight amount congestion, ulceration, 
and intact throughout. Under the microscope appears normal. Loop 
fluid preserved for further study. 


The protocol Dog 15-10 (Table good example un- 
complicated closed intestinal loops certain type. will 
seen that the non-coagulable the blood rises regularly 
with the intoxication developing under these conditions. must 
not forgotten that these loops include the lower half the duo- 
denum and much the upper jejunum. The ends the loop are 
closed tapes, and the contents the upper duodenum must 
forced back into the stomach where they gain access the jejun- 
posterior gastrojejunostomy. experiment, therefore, 
causes obstruction the first half the duodenum, and this 
small importance, seen comparing these experiments 
with other closed loops different sort Table intend 
take this point another communication. 


TABLE IV. 


15-29 Blood end infusion. Intoxication definite. In- 
fusion 1,000 cc. dextrose 
Weight 
Vomiting. Pulse fair. 
Dog weak. Blood taken before infusion. 1,000 cc. 
10% dextrose. lbs. 
Animal moribund. Killed. Loop rupture. 
15-45 Dog slightly intoxicated. lbs. 
a.m. Dog about the same. 
115 p.m. Dog looks sick. Pulse weak. Killed. Early 
peritonitis. 
15-19 Blood end operation. lbs. 
Dog very quiet. Died during night. Acute intoxi- 
cation. 


Non-coagulable nitrogen given terms mg. per 100 cc. blood. 


> = 
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Long Loop Jejunum with Rupture and Peritonitis. 


Dog 15-29.—Adult spaniel, male; weight pounds. 

Apr. 23. Isolated long loop including the lower portion the duodenum 
and about feet the jejunum, using tapes. Gastrojejunostomy performed 
usual. 

Apr. 24. Dog sick. There much dark brown vomitus. Pulse poor, and 
for this reason infusion normal salt solution plus per cent dextrose was given 
intravenously, followed much improvement. 

Apr. 25. Intoxication not striking. 

Apr. 26. Much vomiting. Weight pounds. Temperature 38.5°C. 

Apr. 27. Dog seems sick. Weight pounds. Temperature 38.4°C. 
Infusion 1,000 cc. per cent dextrose. p.m. Dog not much improved. 
Given second infusion 1,000 cc. per cent dextrose. 

Apr. 28. Much vomiting. Pulse tension low. Temperature 38.4°C. Weight 
31.3 pounds. p.m. Infusion 1,000 cc. per cent dextrose. Dog 
vomiting constantly. p.m. Dog very sick. Ether anesthesia. Killed. 

Autopsy.—The peritoneal cavity contains 500 cc. blood-tinged loop fluid 
the usual appearance. The peritoneum specked with ecchymoses, but there 
fibrin. Rupture took place the site the lower ligature, which 
cut through the wall the intestine. Upper ligature tight. Death took place 
promptly from absorption the toxic material poured from the loop into the 
peritoneum. The organs show some congestion associated with intoxication 
means loop fluid. Loop empty. shows congestion and some areas 
submucous hemorrhage due undoubtedly acute distention. 


The protocol Dog 15-29 (Table IV) shows the same rise non- 
coagulable blood nitrogen noted the closed intestinal loop experi- 
ments Table III. ‘These experiments show various complications 
met with these loop experiments,—peritonitis, rupture loop, and 
overwhelming intoxication. When the intoxication very acute and 
severe, the infusion normal salt dextrose solutions will not 
depress the level non-coagulable nitrogen the blood. 


Long Loop Jejunum. Rupture Days. 


Dog male; weight 18.5 pounds. 

Sept. 28. Isolated long loop jejunum; ends loop sectioned and turned 
in; the jejunum joined around the loop end end anastomosis establish 
direct continuity intestinal lumen. 

Sept. 29. Dog looks well; vomiting. (See Table for details tem- 
perature, weight, and non-coagulable and urea nitrogen). There was steady 
loss weight during the next week with occasional attacks vomiting; times 
the dog eats little food. 
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TABLE 


Long Loop, Ileum. 


Urea 
mg. mg. Ibs 


Remarks. 


Before operation. Long loop jejunum. 
After operation. 
Condition good. 
Dog has vomited. 
vomiting. 
Condition improved. 
Dog good condition. 
“ “ 
Dog vomiting and intoxicated. 
Dog vomiting. Infusion 1,000 cc. 
dextrose solution. 


Dog vomiting, weaker. Death 18th day. 


Before operation. Long loop jejunum. 

Intoxicated. vomiting. 

Vomiting, large amount. 

Little vomiting. 

vomiting. 

Solid feces. 

Condition the same. 

vomiting. 

Animal looks intoxicated. 

Dog weak. Infusion 1,000 cc. 
dextrose. 

Dog sick. Killed. 


Vomiting for past days. Long loop 


ileum. 
Dog improved; vomiting; eating. 
Some diarrhea. 
Dog looks well. 
Condition the same. 
Dog improved. 
Passed solid stool. Eating. 
Peristalsis visible abdomen. 
Dog losing ground. 
Condition good. Killed. 


Non-coagulable and urea nitrogen are given terms mg. per 100 cc. 


blood. 
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Oct. 14. Dog has passed formed stools. vomitus. Weight 14.5 pounds. 
There evidence chronic intoxication. Dog was injected with toxic pro- 
teose obtained from pancreas; dog was slightly intoxicated this proteose, 
while normal control animal was fatally poisoned hours similar dose. 

Oct. 15. Dog looks well; vomitus. 

Oct. 18. Dog very sick. Ether anesthesia. Killed. 

Autopsy.—Thorax, heart, and lungs normal; spleen, kidney, pancreas, etc., 
normal; liver rather atrophic; signs fatty degeneration. Peritoneal cavity 
contains good deal the loop fluid which has escaped from recent rupture. 
There little reaction the peritoneum the intoxication was acute. 
Stomach and intestine outside loop show congestion the mucosa common 
proteose intoxication. Loop made two parts isolated old adhesions. 
One-half slightly collapsed due escape fluid into the peritoneum; there 
ulcer the wall, which has perforated the mucosa; all this portion somewhat 
red and swollen, and shows two other ulcers involving the mucosa. The other 
half the loop consists three small coils twisted about its mesenteric attach- 
ment; adhesions have caused some constriction mesenteric vessels giving 
engorgement the loop but not infarction; this portion the loop containsa pale, 
slate colored fluid with blood; the mucosa swollen and engorged but 
shows hemorrhage; the walls the loop are everywhere hypertrophied. 


The protocol Dog 16-22 (Table different type 
closed intestinal loop with slowly progressing intoxication and 
relatively slight changes the non-coagulable nitrogen the blood. 
The loops the jejunum ileum are isolated completely cross sec- 
tion the gut two places. The loop made turning the ends 
the isolated portion the intestine doing end end 
anastomosis thus forming circle out the isolated gut. The con- 
tinuity the rest the intestine established means end 
end anastomosis which gives unobstructed flow from duodenum 
jejunum and ileum. This does away with the obstruction the 
first half the duodenum which present the loops isolated 
ligature and gastrojejunostomy (Tables III and IV). difference 
severity intoxication under these conditions obvious. 

The urea nitrogen readings general show low percentage value 
the total non-coagulable nitrogen. The weight curve shows the 
gradual loss body weight due the chronic intoxication, even 
the absence vomiting. 

The immunity proteose injection (Dog 16-22) shown dog 
with long standing closed intestinal loop indicates that the presence 
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closed loop intestine causes chronic proteose intoxication 
which gives certain degree immunity against poisoning various 
foreign proteoses. This point will taken another com- 
munication and the experiments will given detail. 


TABLE VI. 


Long Loop, Jejunum, Ileum, Complications. 


Da Non- i 
coagu- | Urea 
Dog No. opera- lable | nitro- | Weight.) Temp. Remarks. 
ani nitro- | gen.* 
gen.* 
16-42 21.0 39.1 Long loop jejunum, obstruction, peritonitis. 


16-48 19.5 39.0 Long loop jejunum, terminal obstruction, 
and volvulus. 


day. 


15.5 39.3 Dog has been good condition. 


nitis. 
nitis. 


23.5 38.8 Much vomiting. Pulse poor. Infusion 
1,000 cc. dextrose. Blood end 
infusion. Death next day. 


Non-coagulable and urea nitrogen are given terms mg. per 100 cc. 
blood. 
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Long Loop Jejunum. Obstruction. General Peritonitis. 


Dog male; weight pounds. 

Nov. Isolated long loop jejunum section and inversion ends; 
jejunum joined around the loop means end end anastomosis between 
upper and lower end. 

Nov. Dog pretty well. Temperature 39.2°C. Weight pounds. 

Nov. Much vomiting. 

Nov. 10. Dog seems better. (See Table for details.) 

Nov. 11. Little vomiting. Temperature 37.9°C. Weight pounds. 
p.m. Dog very weak. Temperature 34.5°C. Ether anesthesia. Killed. 

Autopsy.—Thorax, heart, and lungs normal. Peritoneal cavity contains many 
isolated pockets purulent exudate. large round worm free the perito- 
neal cavity, evidently having escaped from the loop, which contains numerous 
similar worms. are organized adhesions just below the end end an- 
astomosis causing sharp kink and probably complete obstruction. Duo- 
denum and jejunum contain the usual obstruction fluid. The loop contains 
130 cc. pale, slate colored fluid with strong odor. There are numerous live 
and active round worms the loop. point can found where the worm 
escaped from the loop. The peritonitis probably days’ duration. 


The protocol Dog (Table VI) shows some the 
cations which may arise the closed loop experiments. Peritonitis 
most common, but volvulus and obstruction may occur. These 
complications not modify the picture, and have good evi- 
dence that peritonitis alone may associated with high non-coag- 
ulable nitrogen. interest note that have been able 
toxic proteose from peritoneal exudates, and believe 
that this proteose considerable importance explaining the 
intoxication general peritonitis. The rise non-coagulable nitro- 
gen the blood may part due the proteose intoxication. 


Proteose Injection. Rise Non-Coagulable Nitrogen. 


Dog 15-50.—Small black and tan, male; weight pounds. 

(A) Blood non-coagulable nitrogen mg. per 100 cc. blood; ether 
anesthesia and intravenous injection purified proteose obtained from closed 
intestinal loops. Kymograph observation during slow injection cc. solu- 
tion proteose which had been reprecipitated first alcohol and then half 
saturation with ammonium sulphate described previously (5). There was 
little fall blood pressure. 

12.45 p.m. After injection (B) blood non-coagulable nitrogen mg. per 100 
cc. blood. 
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3.15 p.m. (C) Blood non-coagulable nitrogen mg. per 100 cc. blood. 

4p.m. Death with prostration and subnormal temperature. 

Autopsy.—There the typical splanchnic engorgement due fatal proteose 
intoxication. Spleen and liver are swollen and purple. Mucosa duodenum 
and jejunum swollen and deep reddish purple. 

Dog 15-51.—Small fox-terrier, female; weight 15.5 pounds. 

12m. (A) Blood non-coagulable nitrogen mg. per 100 cc. blood. Ether 
anesthesia and intravenous injection purified proteose obtained from closed 
intestinal loops. Kymograph observation during injection cc. fluid 
showed change blood pressure. 


12.30 p.m. After injection (B) blood non-coagulable nitrogen mg. per 100 
cc. blood. 


(C) Blood non-coagulable nitrogen mg. per 100 cc. blood. 
Dog prostrated; much vomiting and diarrhea. 
Died night. 


Autopsy.—The findings are characteristic proteose intoxication. There 
much blood-tinged fluid the intestines, and the mucosa red and swollen. 


These two experiments (Dogs 15-50 and are considerable 
interest, and show that acute poisoning with pure proteose may cause 
the blood non-coagulable nitrogen double amount hours; 
for example, rise from mg. The proteose used these 
experiments was pure, and not over 200 mg. were injected. The 
addition this the blood itself could not detected any 
method use, and the method used causes precipitation all 
primary proteoses least. The great rise non-coagulable nitrogen 
obviously must explained disintegration body tissue pro- 
tein. This importance explaining the high non-coagulable 
nitrogen associated with the closed loops intestine intestinal ob- 
struction. both instances are dealing with proteose intoxi- 
cation, and believe that much the increase blood non-coagu- 
lable nitrogen due disintegration the tissues the body. 
Catabolism, other words, must responsible for much the 
non-coagulable nitrogen rather than retention. 

Tables VII and VIII give the nitrogen partition the total non- 
protein nitrogen the blood expressed mg. per 100 cc. blood. 
One control nephritis gives residual nitrogen per cent and 
per cent urea nitrogen. second case (Dog 16-49 Table VIII) 
shows similar picture. This experiment presents isolation the 
bladder and implantation the ureters into the intestine. There 


TABLE VII. 


Intestinal Loops. and Obstruction. 


oa 
Dog 16-37 1.5 Long loop ileum. Killed 
19th day. 


tonitis, obstruction. 


tonitis. 

tonitis. 

16-80 3.1 3.7| Long loop ileum. Peri- 
tonitis. 


obstruction. Death 


days. 

days. 

days. 


(Man) monia. Death days. 


Nitrogen given terms mg. per 100 cc. blood. 


was some obstruction the outflow urine and some escape into the 
peritoneum with irritant peritonitis and absorption consequent 
this. Here there are two factors—retention lack elimination 
plus peritonitis. 

The tables show high per cent residual nitrogen low rela- 
tive per cent urea nitrogen. This true particularly the severe 
proteose intoxication with high non-coagulable nitrogen. Similar 
high readings cases nephritis and retention will scarcely show 
such high percentages residual nitrogen. For this reason be- 
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TABLE VIII. 
Bladder Isolation, Chronic Nephritis, Peritonitis, etc. 


2 1 o 
O10 0/80 ox 
a <a |O oO 
per per 


cape. Peritonitis. 
16-61 12.0 41.9 11) Chronic nephritis. Old dog. 
Hemorrhagic gastritis. 
Drained loop ileum. Sub- 
cutaneous abscess. 
temper. 
16-69 58) 5.3 94.4 General peritonitis. 
16-85 67| 3.6 30.2 Distemper. Pneumonia. 


16-62 42) 1.1 


Nitrogen given terms mg. per 100 cc. blood. 


lieve that the non-coagulable nitrogen determination gives more 
information than does urea nitrogen, and more clinical value 
diagnosis and prognosis. 

The blood content amino nitrogen and uric acid nitrogen 
low normal, and shows fluctuations within normal limits. Ammonia 
nitrogen was done the majority experiments but the method 
inaccurate and the values are probably too high. seemed best 
leave these analyses out the table and assume that ammonia ni- 
trogen included the urea nitrogen. The difference scarcely 
exceeds mg. the most. 

The creatine fraction constantly low, but interest 
note that the creatinine nitrogen may very high many these 
proteose intoxications, particularly intestinal obstruction and 
closed intestinal loops. There are many readings more than mg. 
per 100 cc. blood, and one experiment (Table VII, Cat 16-7) 
shows reading 21.3 mg. This occurred cat with intestinal 
obstruction plus closed intestinal loop with 
trogen 296 mg. per 100 cc.of blood. The kidneys all these cases, 
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unless otherwise noted, were normal. recalled that all 
these animals were sick and refused food—in fact the majority were 
vomiting more less. human case intestinal obstruction and 
pneumonia shows very high creatinine value, 10.2 mg., but autopsy 
showed practically normal kidneys. 


Human Intestinal Obstruction. Death Days. 


Case K., German, male, years age. 

Past 

Present Jan. 16, 1916, with indefinite pain. bowel move- 
ments since this time. 

Jan. good deal epigastric pain with vomiting, which became fecal 
type the following day. Patient given castor oil and salts without results. 

Jan. 18. Condition unchanged, except that vomiting became more severe. 

Jan. 19. Entered hospital. this time had marked abdominal tender- 
ness, and was vomiting frequently. Vomitus fecal odor, watery, with fine 
brownish precipitate. Blood obtained showed very high non-coagulable nitro- 
gen. Patient given 900 cc. per cent glucose with sodium carbonate intra- 
venously. Infusion improved condition patient. 

Blood Examination.—White blood cells 18,400; hemoglobin per cent. 

p.m. Laparotomy and abdominal exploration. portion greatly con- 
gested intestine, about cm., was found; the wall was edematous. was placed 
back the abdominal cavity. Abdomen closed. Volvulus(?). 

Jan. 20. Blood again obtained, and showed some decrease non- 
coagulable nitrogen; vomiting not marked; considerable fecal matter obtained 
means anenema. Pulse not good. 4p.m. Blood again obtained; showed 
rising non-coagulable nitrogen. Given infusion 750 cc. per cent glucose 
intravenously. 

Jan. 21. 6a.m. Patient diedin stupor. Blood obtained cardiac puncture 
few minutes after death. 

Autopsy performed hours after death. 

Anatomical obstruction; volvulus (?); operation wound 
for relief obstruction; early infarction and necrosis loop ileum; early 
serofibrinous peritonitis; bronchopneumonia (pseudolobar) both lungs; acute 
hemorrhagic bronchitis; cloudy swelling viscera. 

The abdomen considerably distended and tense. incision small amount 
blood-tinged, slightly turbid fluid found between the coils enormously 
distended small intestine. The loops are somewhat glued together dry, plastic 
exudate. The surface the intestines somewhat dry and very definitely in- 
jected, more especially the region the abdominal incision. There are ad- 
hesions except over the spleen. There are hernial openings found the 
pelvis inguinal region. One the stitches the abdominal wound has caught 
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considerably swollen, measuring about cm. length, found close the liver. 
The the wall the intestine and the mesentery distance 
about cm. from the intestinal attachment. There clean-cut line demarca- 
tion between the relatively normal but elongated mesentery and the short, inflamed, 
edematous mesenteric portion close the intestine. The line demarcation 
the intestine quite sharp, particularly the upper end. appears though 
band, definite tight constriction, had been drawn about the portion the 
ileum including the small part the mesentery, shutting off considerable part 
the blood supply. This may have been due twist the relaxed elongated 
mesentery. This was evidently relieved operation, but the circulation did not 
establish itself properly owing tissue injury, and the general appearance was that 
suggesting early hemorrhagic infarction. The picture, however, was not com- 
plete. Careful section the mesenteric veins showed them quite free from 
thrombi even their finer branches. There may some very small thrombi 
the smaller branches close the mesenteric border, but these could not 
dissected out. 

Lungs.—The right lung weighs 870, and the left 560 gm. The lungs are volumi- 
nous, cushiony their anterior portions; they are heavy and consolidated pos- 
teriorly. The pulmonic vessels are clear. The bronchi are intensely inflamed, 
their mucosa velvety and purple, and they contain much serous blood-tinged 
fluid. section the anterior portions are dry and cushiony. The posterior 
portions are consolidated and very moist. One can scrape off purulent material. 
The consolidation involves the posterior portion the left upper and the greater 
portion the right upper lobe and part the right middle lobe. These areas 
consolidation are mottled gray and purplish red. Some the gray areas are 
very soft, ‘and creamy material can scraped off, indicating beginning reso- 
lution the exudate. This pneumonic process must have been several days 

Kidneys.—Capsule comes off easily leaving smooth surface, but for two 
retention cysts. There one large retention cyst the upper pole the right 
kidney measuring about cm. diameter. Its wall contains few thin plaques 
calcified material. The kidney parenchyma section appears normal. The 
pelvis normal. 

Microscopic Examination. are few hyaline casts some 
the tubules, also few hyaline scars the cortex. general the paren- 
chyma looks normal except for definite cloudy swelling the epithelium lining the 
convoluted tubules. There epithelial necrosis. The stroma the pyra- 
mids shows little edema. 

Lungs.—The patches pneumonia show the alveoli filled with exudate 
coagulated serum, mono- and polynuclear cells, fibrin, and enormous numbers 
bacteria. places the bacteria form almost solid mat rods showing 
capsules. The great overgrowth bacteria the striking feature this lung. 


Mesentery.—The swollen hemorrhagic area shows few small recent thrombi, 
but most the veins are free. There extreme extravasation red blood cells 
into its stroma. The other portion the anatomical protocol may omitted, 
has bearing the points under consideration. 


IX. 
Human Intestinal Obstruction. 


Non- 


coagu- Urea 

Time. lable nitro- Urea. Remarks. 
nitro- | gen 
gen.* 
mg. mg. percent 


carbonate and glucose. 


26 “ “ “ 80 52 60 “ “ “ 750 “ “ 6% “ 


and urea nitrogen are given terms mg. per 100 cc. 
blood. 


The human case (Table [X) much interest the observations 
the blood are fairly complete, and autopsy material available. 
Clinically was clear case obstruction due volvulus with 
partial infarct formation the intestine and complicating pneu- 
monia. The non-coagulable nitrogen the blood was constantly 
high spite transfusion various times. The elimination 
urine was considerable, because the transfusions, and showed 
nothing interest—a mere trace albumin and occasional cast. 

Table shows that there rise urea and drop non-coagu- 
lable nitrogen after the first infusion. have noted this under the 
same circumstances dogs, but are not able advance explana- 
tion. The high creatinine value (Table VIII) interest, the 
kidneys are shown practically normal. This case gives blood 
findings identical with those observed animals under similar con- 
ditions, and indicates that our experiments give information which 
may value the study human cases. 


DISCUSSION. 


believe that may assumed proven that the non-coagu 
lable nitrogen the blood the majority instances definitely 
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increased intestinal obstruction with closed loops intestine. 
With acute intoxication this rise non-coagulable nitrogen apt 
more striking and constant. When this rise non-coagulable 
nitrogen the blood does occur, grave sign, and clinical 
index severe intoxication even spite other clinical evidence 
the contrary. But low non-coagulable nitrogen does not guar- 
antee mild grade intoxication. are convinced that knowl- 
edge the blood non-coagulable nitrogen considerable clinical 
value the prognosis acute abdominal conditions. 

should kept mind that the urea nitrogen well creatinine 
nitrogen may show high values these conditions, and these points 
may value differential diagnosis. established that other 
conditions besides chronic nephritis may show marked increase 
the creatinine and urea nitrogen the blood. should recalled 
that “creatinine rises above 2.5 mg. per 100 cc. blood almost with- 
out exception only conditions with renal involvement” (Myers 
and Lough (6)). The conditions studied show high creatinine 
fraction and constitute exceptions this statement. 

will noted that the undetermined nitrogen these experi- 
ments unusually high—more than cases nephritis with high 
non-coagulable nitrogen. This may peculiarity this type 
intoxication contrasted with simple retention nitrogenous ma- 
terial, and study this point may bring out much valuable infor- 
mation. 

Having established the fact that the non-coagulable nitrogen 
the blood much increased many cases intestinal obstruction 
closed intestinal loops, may now ask: Why does not the 
kidney eliminate these substances immediately? The kidneys are 
normal gross and functional tests practically all cases. There 
can true retention because impaired kidney function. There 
may two more factors concerned. know that intestinal 
obstruction the current fluid mainly out the body and way 
the intestinal tract, and possible that this favors the accumu- 
lation certain products the blood stream. The kidneys excrete 
small amounts highly concentrated urine. 

toxic proteose may cause great rise non-coagulable nitrogen 
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the blood; for example, rise from mg. hours. This 
cannot due lack elimination, and must assume destruction 
body protein account for this remarkable change. may 
assume that any acute proteose intoxication may associated with 
similar rapid rise non-coagulable nitrogen the blood. When 
have more information about this point, may better understand the 
manner which the toxic proteoses injure the body and perhaps the 
various methods body defense. 

General peritonitis often associated with definite rise non- 
coagulable nitrogen the blood. How may explain this obser- 
vation? may argued that paralytic ileus alone responsible, 
and this may true part. However, think important that 
toxic proteose can isolated from the exudate cases general 
peritonitis, and obviously must absorbed the host. The pro- 
teose intoxication may well responsible for this change non- 
coagulable nitrogen. hope report further this point the 
near future. 


SUMMARY. 


Intestinal obstruction, rule, associated with increasing 
amount non-coagulable nitrogen the blood. With acute in- 
toxication the rise non-coagulable nitrogen may rapid and 
reach high three even ten times normal. With more chronic 
intoxication there may little rise the blood non-coagulable 
nitrogen. 

Closed intestinal loops show exactly the same picture, and, when 
combined with obstruction, may give very high nitrogen readings. 

Acute proteose intoxication due injection pure proteose 
will show prompt rise blood non-coagulable nitrogen, even 
increase 100 per cent within hours. 

These intoxications also show high blood content creatinine 
and urea. The residual undetermined nitrogen may very high. 

human case intestinal obstruction with autopsy presents 
blood findings exactly similar those observed many animal 
experiments. 

Clinically the non-coagulable nitrogen the blood may give in- 
formation value intestinal obstruction. high reading means 
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grave intoxication, but low reading may observed some 
fatal cases and gives assurance that fatal intoxication may not 
supervene. 

The kidneys practically all these experiments are normal all 
respects. 

possible that protein tissue destruction rather than im- 
paired eliminative function responsible for the rise non-coagulable 
nitrogen the blood these acute intoxications. 

Transfusions dextrose solutions often benefit intestinal obstruc- 
tion, and may depress the level the non-coagulable nitrogen the 
blood. Some cases show change non-coagulable nitrogen fol- 
lowing transfusions and diuresis, and, rule, such cases present 
the most severe intoxication. 


The writers wish express their appreciation the assistance 
given Dr. Kilgore and Dr. Stearns the University 
California Hospital. 
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INTRODUCTION. 


previous paper! the author showed that living cultures 
adult frog tissues there occurs, many instances, transformation 
the plasma clot which the living tissue imbedded. This 
transformation results consolidation fusion the elements 
the fibrin net and consequent formation from fibrous tissue 
which identical its form and structure and many its staining 
reactions with regular collagenous connective tissue. was felt 
that, whether not this new fibrous tissue directly formed from the 
fibrin clot remained permanent connective tissue, such reaction 
must play fundamental part the processes attendant upon wound 
healing. present paper? gives the results obtained from exten- 
sive series experiments undertaken for the purpose studying the 
action and fate the fibrin clot formed during wound healing, and 
they give evidence that the healing skin wounds the frog 
definite transformation the fibrin clot takes place such was 
found occur the tissue cultures. This transformation also re- 
sults the formation new fibrous tissue, without intracellular 
action, which apparently identical with regular permanent con- 
nective tissue. 
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report this work was given the meeting the American Association 
Anatomists held New Haven, Conn., Dec. 28-30, 1915. abstract appears 
the proceedings the Rec., 1916, 175. 
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and Methods. 


was thought best carry the experiments wound healing 
with the frog inasmuch the tissues used the previous work with 
living tissue cultures had been obtained from this animal. During the 
present experiments thirty-one animals were used and total fifty 
operations were performed. process wound healing has been 
studied various stages both the living animals and the pre- 
served material. the study the preserved material pieces the 
tissues containing the wounds were removed various times after the 
operations. These were preserved Zenker’s solution, imbedded 
paraffin, and sections, various planes, were made 
general the stain used has been Mallory’s connective tissue stain 
modified according Mallory’s stain, unmodified, and the 
Van Gieson picro-fuchsin stain have also been used for comparison. 
discussion the staining reactions will found later section 
this paper. 

the preliminary experiments, the semimembranosus muscle lying 
the dorsal surface the hind legs the frog was used. After 
anesthetization the animal was placed operating board dorsal 
surface up. The skin was then sterilized washing with 0.001 
per cent solution mercuric chloride. This method sterilization 
appears adequate for this work and there has been very little 
trouble from infection. incision about mm. length 
was then made the median dorsal surface either both the 
hind legs. The cut edges the skin were separated and held apart 
and cube the underlying muscle tissue measuring about mm. 
was removed. The cavity thus formed the muscle tissue was either 
filled with plasma which had been obtained the usual 
from another frog, the blood and lymph which flowed into the 
wound from the cut edges. After the operation the frog was held 
position for few minutes until the clot had formed the wound. 

The results obtained from these experiments were not satisfactory. 
The many movements the legs and the consequent expansion and 
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contraction the muscle fibers resulted, many cases, breaking 
the plasma clot the wound cavity and its destruction, that 
was impossible make study it. The friction the overlying 
skin the leg during these movements also tended make the 
operations unsuitable for the present study the fibrin clot. Ina 
number these experiments which were first made, stitches were 
taken the skin hold the cut edges together and their proper 
positions. the later operations was found that this was not 
necessary for was observed that when cut was made the skin, 
noted above, the animal remained quiet for few minutes 
after the operation, the coagulation the blood and lymph formed 
tissue sufficient strength hold the cut edges the skin their 
proper position. appeared evident from this that wounds the 
frog skin would afford suitable field for the study the process 
wound healing, particularly with regard the action and fate the 
fibrin clot. Later experiments showed that the skin lying the 
posterior dorsal surface the animal offered even better field 
for these experiments than did the skin the legs inasmuch 
not subject almost continual, and times violent strain 
the result leg movements. Wounds both these regions have 
been studied and form the basis the results given the present 


paper. 


Observations the Process Wound Healing the Skin 
Living Frogs. 


The healing various types wounds has been observed the 
living animals. the first type experiments, simple incision was 
made the skin the frog either the dorsal surface the leg 
the back. far could told the observations the 
living animal these wounds healed very quickly. The formation 
the coagulation tissue result the clotting the blood plasma 
lymph present the wound occurred within few minutes after the 
wound was made. result the cut edges were firmly held posi- 
tion and the frog could then placed the aquarium without injury 
the new tissue. The animals examined hours later showed 
only slight evidence the wound. The cut edges were still firmly 
held and all that could noted was the light colored line coagu- 
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lation tissue marking the extent the incision. the course the 
next day the epithelial cells moved over this area and obliterated 
all evidences the wound. 

the second type experiments piece skin measuring about 
mm. was detached three sides. The fourth side mm.) was 
left attached the body. this way flap skin was formed 
which was severed from the body except one end. such cases 
the coagulation tissue which quickly formed held ail the cut edges 
the skin and the loose flap place, and thus operation which 
one would naturally expect, without the aid sutures hold the 
edges place, have left large open wound the skin with con- 
sequent slow healing was permanently closed within few minutes 
after the operation. the following days one could observe, 
the previous type experiments, gradual obliteration the cuts 
the epithelial cells which moved out over the coagulation tissue 
from the cut edges the skin. 

the third type experiments piece skin from the median 
posterior region the back, measuring about mm. square, was 
completely severed from the body the animal, placed sterile 
Ringer solution for few minutes, and then replaced the cavity 
from which had previously been taken. observations showed 
that other support than the coagulation tissue which formed was 
necessary order hold such piece skin position the wound 
cavity, and the complete obliteration the wound occurred 
few days the movement the epithelial cells over the coagulation 
tissue. The results other experiments this type showed that 
the living skin from another animal dead tissue, such the 
stratum compactum obtained pancreatin digestion adult frog 
skin, could transplanted into wound cavity the skin and re- 
tained there the action the coagulation tissue alone. later 
paper hoped that more complete results regarding such skin 
transplantation can presented. The only fact regarding them 
which should emphasized the present paper the action the 
coagulation tissue the wound cavities shown its ability 
hold the transplant position without the aid sutures. 

the last type experiments, piece skin, varying size from 
mm. square, was completely removed from the body. re- 
sulting cavity was quickly filled with the coagulation tissue. this 
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type experiment was found that some cases, particularly the 
cavity caused the removal piece skin was large, was 
better supply additional plasma obtained from another animal 
order that the wound cavity might completely filled. wound 
this type (Fig. gives the best opportunity for the study the 
coagulation tissue. forms hyaline mass the wound cavity 
and glossy and transparent, and until has been covered the 
epithelial cells which move from the surrounding areas the under- 
lying muscle tissue can seen This fibrin clot coagu- 
lation tissue when first formed may sometimes destroyed 
extremely violent movements the animal, especially the wound 
large one. increase the strength the new tissue soon 
becomes evident and few days appears immune from 
injury regular skin tissue. far can told the obser- 
vations the living animals, this coagulation tissue formed the 
clotting the plasma the wound remains permanently and takes the 
place the piece skin tissue which was removed. From this 
clear that skin wound the frog, the conditions are right, new 
tissue can formed almost immediately after the injury which 
sufficiently strong retain its place the wound cavity and hold 
the cut edges position. The wound, all appearances, thus 
healed without waiting for process regeneration tissues cell 
division. Probably the most impressive part this process 
wound healing, observer, the rapidity with which takes 
place. The coagulation the plasma closes the wound almost imme- 
diately and then, evidently transformation this fibrin clot, 
firm, resistant, and apparently permanent tissue formed which 
serves regular connective tissue. 

During the course the experiments, observations have also been 
made the healing wounds which coagulation tissue was 
present. Such condition may arise either because the lack 
sufficient amount plasma the wound the time was made, 
because later destruction the coagulation tissue result 
tension caused too vigorous movements, because infection. 
cases this kind the process wound healing the skin frog 
comparatively long and slow one, and some cases results the 
death the animal later infection received through the open 
wound. 
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the Prepared Material. 


magnification about diameters. This wound was removed 
from the animal and preserved when was three days old. The 
wound, caused the removal piece skin, originally measured 
about mm. The figure was drawn with the aid Zeiss 
binocular microscope from the under surface the skin and shows the 
wound surrounded the skin tissue and filled with the coagulation 
tissue (fibrin clot) which was formed within few minutes after the 
wound was made clotting the blood plasma and lymph. 
Several large blood vessels are shown, some which run into the co- 
agulation tissue. Some these vessels appear enlargements 
the vessels supplying the skin that region, while others apparently 
arise the underlying muscles. some cases the wound found 
attached the muscles number small vessels. 

transverse section the same preparation shown Fig. 
magnification diameters. either end this figure may 
noted the cut ends the skin which mark the boundaries the 
wound. Connecting these can seen the bridge new tissue which 
has formed the wound cavity. Lying above this coagulation 
tissue are several layers epithelial cells which have wandered 
from the skin tissue surrounding the wound. This movement the 
epithelial cells begins very soon after the wound has been made and 
continues until, shown later stages (Fig. 6), they form thick 
layer over the coagulation tissue. The epithelial cells Fig. are 
more numerous near the cut edges the skin. these points the 
coagulation tissue drawn out into rather thin strand which 
attached the cut edges the skin and which serves hold them 
place. can noted this figure that fibers are present the 
coagulation tissue. 

The observations the living animals have shown that the coagula- 
tion tissue day wound very firm and resistant compared 
with fibrin clot. From this evident that already some 
change has taken place the clot and this fact can also noted 
from the study the prepared material. Fig. portion the 
coagulation tissue, from the same preparation Fig. shown 
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magnification 787 diameters. this magnification one able 
see clearly the histological structure the coagulation tissue. 
Quite large areas can noted this figure which the fibrin net 
has not been changed but still retains its characteristic structure. 
other regions, however, the fibrin net has been changed into new 
fibrous tissue. such areas appears that there has been fusion 
the elements the fibrin net form long, wavy, fibrous 
bundles which are typical structure and appearance those found 
various forms connective tissues. new fibrous tissue ap- 
parently identical with that which forms plasma clots tissue cul- 
tures. The transformation the fibrin clot this wound into new 
fibrous tissue has not been due intracellular action for, with the 
exception some blood corpuscles which were present the plasma 
when clotted, some which can seen Fig. cells any 
kind are present the new fibrous tissue except the extreme edges 
where the new tissue contact with the cut edges the skin. 
thorough study this point has been made this and other similar 
preparations and can definitely stated that wounds the frog 
skin, has previously been shown the case tissue cultures, 
direct transformation fibrin clot into new fibrous tissue will occur 
without intracellular action. 

wound magnification 787 diameters, more complete transfor- 
mation the plasma clot seen. The section from which this 
figure was drawn was taken from near the upper surface the coagu- 
lation tissue; that is, from the dorsal portion the clot lying just 
below the epithelial cells. either edge the coagulation tissue 
may noted some the epithelial cells which mark the boundary 
the wound and which have grown down both sides the 
coagulation tissue. This downward growth the epithelial cells 
can noted some the transverse sections the wound tissue 
(Fig. 2). study Fig. shows that the fibrin net structure has 
disappeared and the new fibrous tissue has been formed which, 
Fig. composed bands fibrils showing the typical structure 
regular connective tissue fibers. new fibrous tissue denser 
near the bottom the figure and this region that its structure 

seen the best advantage. All the coagulation tissue shown 
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the figure has lost the original fibrin net structure, but the less dense 
regions this tissue, which numerous vacuoles are present, the 
transformation into the new fibrous tissue has not been complete. 
fibroblast cells are present this region the clot and this 
case also the transformation the fibrin clot into the new fibrous tissue 
has not been due any intracellular action. this preparation 
centrifuged blood plasma which had been obtained from another ani- 
mal was placed the wound form the clot and this fact accounts 
for the almost complete absence blood corpuscles. Those that are 
shown this figure are most cases matted together and are evi- 
dently undergoing degeneration. 

Fig. shown, the same magnification Fig. another 
longitudinal section the same preparation taken deeper level. 
this figure considerable number both fibroblast cells and blood 
corpuscles are shown. this figure transformation the fibrin 
clot has also occurred and new fibrous tissue has been formed con- 
taining bundles wavy fibers. are particularly well shown 
the left the figure. this region numerous cells are also present 
and result the bundles fibers are more less separated from 
each other. the right the figure fewer cells are present and the 
newly formed fibrous tissue more closely massed together. The 
bundles fibers, however, can clearly seen. 

comparison the new fibrous tissue shown Figs. and 
which has been formed through transformation the fibrin clot, 
with the fibrous tissue found the plasma clot living cultures 
frog tissues, noted previous shows that they are 
identical. 

The conditions present older wound are shown Fig. which 
240 diameters. either end the figure can seen the cut ends 
the skin tissue which mark the boundaries the wound and be- 
tween these the new tissue which has been formed the wound. 
Overlying this region are the epithelial cells which are piled 
many layers thick. The wound cavity, except for small portion 
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lying near the right end the figure, filled with the new fibrous 
tissue. Fibroblast cells are present all through the new tissue. the 
region lying the right portion the original fibrin clot apparently 
still remains. Fig. which was drawn from the same section 
Fig. this region the wound shown magnification 787 
diameters. The figure shows that the fibrin clot has lost its original 
structure, shown for example Fig. and has become more 
less compact mass which, various places, can noted that 
fibers have formed. Around the edges the fibrin mass, particular, 
great many the bundles fibers can seen. These are at- 
tached the fibrin clot and clear that they have arisen 
transformation its elements and not from intracellular action. 
The cells which are present stand out distinctly from the fibers, 
shown the figure, and show connection with them. 

dinal section another wound which practically the same age 
the one shown Figs. and Fig. however, find that the 
formation the new tissue has proceeded more rapidly and conse- 
quently the original fibrin net has been entirely transformed into the 
new fibrous tissue which fills the wound cavity. Blood vessels are 
forming various regions this new tissue and numerous cells, 
which for the most part show the typical spindle shape fibroblast 
cells, are present but stand out clearly and distinctly from the fibers. 
The question the relations existing between the new fibrous tissue 
and the cells which wander into from the surrounding edges the 
skin one which has been studied with care. has already been 
pointed out that the transformation the fibrin clot occurs previous 
the appearance any cells, that cannot due intra- 
cellular action (Figs. and4). the preparations shows that 
the cells when they first appear the new fibrous tissue are round 
shape (Figs. and 7). Later they elongate and assume the typical 
spindle shape fibroblast cells (Fig. 8). This change the shape 
apparently due the stereotropic action the cells moving along 
the The movement the cells the newly formed fibrous 
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tissue appears result separation the bundles fibers and 
have result what, all appearances, typical scar tissue. 
With the Mallory stain the cells are colored yellow and they are dis- 
tinctly differentiated from the fibers the new tissue which are colored 
blue the stain. The preparations not show any evidence 
digestion the cells the new fibrous tissue any attempt 
them form new fibers intracellularly. The condition shown 
Fig. typical the condition found much older wounds 
weeks) and the evidence appears clear from these results that, the 
healing skin wounds the frog, the new fibrous tissue present 
the wound which has been formed direct transformation the 
fibrin clot remains the permanent connective 


Nature the New Fibrous Tissue. 


The appearance, structure, and staining reaction with Mallory’s 
stain the new fibrous tissue are, shown the previous paper, 
identical with those regularly formed connective tissues. 
endeavor settle definitely the real relationship existing between 
regular frog connective tissue and the new fibrous tissue several series 
tests have been made. 

Staining Reactions the Fibrous Tissue Formed Wounds.—The 
Mallory connective tissue stain, either modified unmodified, has 
proved more specific its reaction than any other stain that has 
thus far been used the work, although various other methods have 
been tried. This stain will color connective tissue fibers the frog 
almost perfect ultramarine blue they are not too closely packed 
together. If, for example, piece skin from adult frog stained 
with Mallory’s stain will found, general, that the stratum 
spongiosum, which the bundles connective tissue fibers are loosely 
packed together and which the individual fibrils can distin- 
guished, will colored ultramarine blue. the other hand, 
the stratum compactum the same preparation which the bundles 
fibers are closely massed, will found that this layer will be. 
stained color varying from yellow bright red, depending upon 
the manipulation the stain. 

The new fibrous tissue formed the clots shows the same color re- 
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action Mallory stain does the connective tissue the skin. 
When the bundles fibers the new fibrous tissue are not closely 
matted together, shown for example Figs. and the Mallory 
stain gives them typical blue color the stratum spongiosum 
the skin. the other hand, when the new fibrous tissue very 
compact and the individual fibrils composing the bundles cannot 
distinguished, then, many cases, the result will color varying 
from yellow red, similar that found the stratum compactum 
the skin. The same color also generally results from the Mallory 
stain very young preparations which the clot has not been 
changed into the new fibrous tissue but retains its original structure. 

With Van Gieson picro-fuchsin stain the new fibrous tissue shows 
negative reaction. This stain, however, does not appear 
specific one for connective tissues the frog. The results show 
that acts just the opposite way that Mallory’s stain does, that 
only gives the characteristic red color for connective tissues when 
heavy tissue present which the bundles fibers are closely massed 
together. the frog example, the stratum compactum occa- 
sionally stains red, whereas the stratum spongiosum entirely 
negative reaction obtained. most cases, however, all the con- 
nective tissues the frog skin well those from other parts the 
body give negative color reaction with this stain. this connection 
series staining tests were made with embryonic connective tissue 
from the tail mm. tadpole. consists mass connec- 
tive tissue fibers loosely packed together. fibers will take 
typical stain with Mallory’s stain, but with Van Gieson’s the reaction 
negative, with the new fibrous tissue. results brief 
from all these experiments show that the Van Gieson’s stain not 
specific for connective tissue fibers the frog whether embryonic 
adult, and the same true for its reaction with the new fibrous 
tissue. 

Digestion Tests the Fibrous Tissue Formed Wounds.—Of all the 
tests used distinguish between fibrin and connective tissues, the diges- 
tion tests are regarded being the most specific and conclusive. 
young fibrin clot easily digested pancreatin solution whereas con- 
nective tissues resist the action. the previous paper was noted that 
the transformed fibrin net the tissue cultures was easily dissolved 
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pancreatin, and this fact gave evidence that the new fibrous tissue was 
fibrin character although greatly changed appearance from the 
typical fibrin net. However, was also pointed out that this case 
the test was not conclusive, inasmuch the newly formed fibers 
the clot were imbedded fibrin net which was not completely trans- 
formed, and the digestion the unchanged fibrin clot the pancre- 
atin would naturally cause breaking down and scattering the fibers 
which had formed it, and remained connected with it. other 
words, the surrounding unchanged fibrin constituted the sole support 
the fibers which had formed from part This close relation 
existing between the fibrin clot and the new fibrous tissue also pre- 
vents the digestion tests being used the present experiments fur- 
nish conclusive answer the real nature the transformed fibrin 
net tissue the clots formed wound healing. 

this connection the results secured series experiments 
which the embryonic connective tissues the tadpole were subjected 
pancreatin digestion should noted. these experiments pieces 
skin, taken from tadpoles ranging length from mm. large 
tadpoles about mm. just before metamorphosis, were placed 
pancreatin solutions uniform and digested over night 
38°C. all these experiments complete digestion the tadpole 
skin occurred. This same result was obtained when the connective 
tissue from the tails tadpoles various ages was digested pan- 
creatin solutions. These young fibers, has been noted, stain 
typically with Mallory’s stain and are apparently fully formed. 
Nevertheless they can completely digested pancreatin few 
hours. These results with embryonic connective tissues are entirely 
different from those obtained when connective tissues from adult 
frog are subjected the same treatment, for the experiments show 
that the mature connective tissues the skin adult frog are able 
resist the action the pancreatin and remain mass tissue 
which, noted above, could used the implantation experiments. 
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These results demonstrate that the reaction the embryonic connec- 
tive tissues the frog pancreatin digestion the opposite 
that adult connective tissue. 

The results both the staining and digestion tests, brief, show 
that with these methods one unable differentiate between the 
new fibrous tissue, formed transformation the fibrin clots, 
and embryonic connective tissues the tadpole, and that the con- 
nective tissues the adult, while reacting the same way the 
stains, can differentiated from both the new fibrous tissue and 
embryonic connective tissue their ability resist the pancreatin 
digestion. 

There the possibility that the same resistance pancreatin di- 
gestion which must develop embryonic connective tissue be- 
comes mature, shown the digestion tests the mature and 
embryonic connective tissues, might also develop time the new 
fibrous tissue which has resulted through transformation the 
fibrin clot, for well known that old fibrin clots become highly 
resistant various agents which will entirely dissolve younger clots. 
says: fibrin easily dissolved dilute acid digested 
pancreatin. After fibrin becomes older, fibrinous deposits, 
the fibrils become very resistant and are not dissolved boiling acetic 
acid, per cent, cold concentrated KOH, HNOs, 
nitro-hydrochloric What changes take place these fibrinous 
deposits that cause such increase their resisting powers ap- 
parently not known. From the present results one would naturally 
suggest that such cases, the course time, complete trans- 
formation the fibrin clot into the new fibrous tissue had occurred 
and that this transformed tissue, when old enough, was able resist 
the action pancreatin and various other destructive agents. 

This point has proven one which difficult solution. 
The fact that even the fully formed connective tissue large tadpoles 
unable resist the pancreatin digestion makes impossible ex- 
pect that one could ever keep tissue cultures alive long enough 
secure new fibrous tissue from the fibrin clot which would able 
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resist the pancreatin digestion and thus show definitely that could 
not distinguished from the regular connective tissues this regard. 

wounds the problem complicated the presence the cells 

which wander into them and through the new fibrous tissue soon after 

has been formed from the fibrin clot. The preparations, stated 

above, not show any evidence attempt these cells form 

new fibers intracellularly, but, nevertheless, their presence the 

wound for the long period time which evidently necessary for the 

new fibrous tissue become resistant, makes the problem difficult 

one. 


DISCUSSION. 


The experiments reported the present paper demonstrate that 

wounds made the skin adult frogs there occurs, has previously 
been shown the case living cultures adult frog tissues, 
direct transformation the fibrin clot into new fibrous tissue 
without any intracellular action. This newly formed fibrous tissue 
which fills the wound space apparently identical appearance, 
structure, function, and staining reactions with regularly formed 
permanent connective tissue. differs from adult connective tissue 
the skin the frog its reaction with pancreatin digestion. 
However, this test, well all others that have far been tried, 
fails differentiate between the new fibrous tissue and young con- 
nective tissue found tadpoles various stages. 

Two views might held with reference the fate this new fi- 
brous tissue directly formed from the fibrin clot. The first that 
only temporary tissue and that will replaced time 
permanent connective tissue formed through intracellular action 
the fibroblasts. accord with the generally prevailing 
held present, which are that the fibrin, wounds healing 
first intention, forms temporary tissue which holds the wound 
surfaces place and stops the wound thus preventing infection. 
Later the fibrin disappears, not liquefaction, but through actual 
consumption the new tissue cells which show positive chemo- 
tropism the fibrin mass and are thus attracted into the fibrin clot 
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large numbers. The permanent tissues which fill the wound 
space are then formed these cells through intracellular action. 

The other view that this new fibrous tissue remains the wound 
permanent connective tissue. That say, least wound 
healing the frog skin, reaction occurs which able trans- 
form fibrin clot direct intercellular action into permanent 
fibrous connective tissue. This view supported the work 
who finds that, experimental peritoneal adhesions the 
dog, new fibrous tissue, which believes remains permanently, 
formed transformation fibrin net. Speaking the for- 
mation this fibrous tissue, researches have con- 
vinced that the cell not primarily the active agent, but that 
the initial processes are chemical and are identical with those blood 
coagulation, the cell playing entirely secondary 

The results obtained the present experiments also give evidence 
favor the latter view. The fibroblast cells which wander into 
the new fibrous tissue apparently not digest the fibers which have 
previously been formed, nor there any evidence revealed, thor- 
ough study the preparations, attempt these cells form 
new fibers intracellularly. Their only apparent action break 
the larger bundles fibers their movements among them. 
wound about days typical scar tissue generally present 
(Fig. 8), and later stages weeks) not show any further 
changes the structure the connective tissue present the wound. 


SUMMARY. 


experimental wounds, made removing various sized pieces 
skin from the frog, there rapid the blood plasma 
and lymph form coagulation tissue which fills the wound cavity. 

The observations the living animals show that the coagulation 
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tissue becomes more and more resistant and generally sufficient 
strength hold the cut edges the wound place and retain its 
position the wound cavity. serves, least temporarily, 
connective tissue and base for the epithelial cells which rapidly 
move from all the cut edges and cover the wound. 

The study the prepared sections wound tissue show that 
first the coagulation tissue, formed result the clotting 
blood and lymph, typical fibrin net present the wound (Fig. 3). 
Later this fibrin net transformed into new fibrous tissue contain- 
ing bundles wavy fibers which, many instances, the individual 
fibrils can noted (Fig. 4). This transformation the clot and the 
formation the new fibrous tissue takes place before the tissue cells 
wander into the coagulation tissue and therefore cannot due 
intracellular action. direct transformation the fibrin clot 
and identical with the process which was previously found take 
place the fibrin clots living cultures adult frog tissues. 

The tissue cells, which later move into the new fibrous tissue 
large numbers from the surrounding areas, not digest the fibers 
but, apparently their movements, cause division the large 
bundles into smaller ones (Fig. cells when they first appear 
the fibrous tissue are rounded, but later they assume the typi- 
cal elongated spindle shape fibroblast cells (Fig. 8). The prepa- 
rations not show any connection between these spindle-shaped 
cells and the fibers which had already formed, nor there any evi- 
dence later attempt them form new fibers intracellularly. 

The staining reactions the new fibrous tissue appear iden- 
tical with the staining reactions the connective tissue frog skin. 
However, the new tissue can digested pancreatin and this reac- 
tion differs from the connective tissue the skin the adult frog. 
the other hand, extensive experiments with pancreatin em- 
bryonic but fully formed connective tissue, obtained from the tail 
and skin tadpoles various ages, show that pancreatin will digest 
just does the newly formed fibrous tissue. 
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EXPLANATION PLATES. 


All the figures, with the exception Fig. were drawn from prepared material 
which had been preserved Zenker’s solution, sectioned and stained 
with Mallory’s connective tissue stain. 


106. 


Fic. day wound from back frog, shown toto from the under sur- 
face. piece skin measuring about mm. was removed and the 
cavity thus formed shown filled with the coagulation tissue consider- 
able area the skin tissue (Sk.T.) surrounding the wound shown, and blood 
vessels are also present. 

Fic. Transverse section the preparation shown Fig.1. Cut 
edges the skin tissue (SK.T.) marking boundaries the wound are shown both 
ends the figure. These are connected the coagulation tissue (c.T.) which 
fibers can noted various places. Epithelial cells which 
moved from the surrounding areas overlie the coagulation tissue. Section 
blood vessel (B.v.) and numerous blood corpuscles (B.c.) are also shown. 


107. 


Fic. section showing portion the coagulation tissue from 
the same preparation Figs. and 787. The figure shows the structure 
the coagulation tissue present day wound. Some this tissue retains 
the fibrin net structure the original fibrin clot. Other areas show new 
fibrous tissue (N.F.T.) which has been formed transformation the elements 
the fibrin net. Numerous blood corpuscles (B.c.) are present, but fibro- 
blast cells. 

The coagulation tissue has been transformed into the new fibrous tissue (N.F.T.) 
which bundles wavy fibers can seen. Transformation most complete 
the denser region coagulation tissue lying the right the figure. 
fibroblast cells are present, but few blood corpuscles (B.c.) are shown which are 
evidently undergoing degeneration. 

Fic. Longitudinal section from the preparation shown Fig. 787. 
The section from which this drawing was made was taken deeper level the 
wound than Fig. just above the underlying muscle tissue. the right 
the new fibrous tissue (N.F.T.) more dense, but even here the fibrous structure 
can beseen. the left broken into wavy fibrous bundles among which 
numerous cells are appearing. Blood corpuscles (B.c.) are also present. 


108. 


Fic. Transverse section day wound preparation. 240. 
Cut ends the skin tissue are shown the right and left the figure. 
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The wound cavity almost filled with the new fibrous tissue (N.F.T.) except for 
small portion fibrin clot lying the right. Epithelial cells 
are piled many layers thick above the new tissue. Cells are also 
present the new tissue. Compare Fig. 

Fic. portion the preparation shown Fig. 787. This draw- 
ing shows the remains fibrin clot lying the right Fig. has 
lost its original fibrin net structure and has become more less compact mass. 
Numerous fibers can seen running through it, and around the edges are great 
many fibers which have resulted from transformation the fibrin clot and which 
form the new fibrous tissue rounded cells are 
present, some which are beginning assume the typical spindle shape 
fibroblast cells. They stand out clearly and show connection with the fibers. 


109. 


Fic. Longitudinal section another day wound preparation. 
787. This figure shows complete transformation coagulation tissue into 
new fibrous tissue which fills the wound cavity between the cut edges 
the skin tissue Blood vessels (B.v.) are forming and numerous spindle- 
shaped fibroblast cells are present. These cells stretch out along the 
fibers which had previously been formed through transformation 
net and apparently separate the bundles. They not digest the fibers nor 
there any evidence attempt them form new fibers intracellularly. 
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THE ABSORPTION ADRENALIN AFTER INTRA- 
TRACHEAL INJECTION.* 
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(From the Physiology and Pharmacology The Rockefeller Institute 
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(Received for publication, April 11, 1916.) 


order subject living organism the systemic action 
any soluble substance, obvious that the substance must first 
reach the circulating fluids this organism; from the lymph and 
blood streams the drug then may pass into the tissues and exert its 
effect. The main routes available for bringing any substance into 
contact with the tissues are follows: (1) introduction into 
the gastro-intestinal canal; (2) subcutaneous, intramuscular, 
intravenous, intraspinal injection; (3) inunction through 
the skin; and (4) through the respiratory tract. 

these routes the first two are most frequently employed 
human therapeutics and the laboratory. Inunction used only 
exceptionally the present time, and practically the only drug 
administered through the skin for its systemic action mercury. 

The respiratory route also not utilized any extent, except for 
purely local effects, when desired incorporate drug. Syphilis 
was occasionally treated allowing the patient inhale the sub- 
limated metal, but this method was never extensively employed 
because the impossibility judging the dose. Local affections 
the respiratory passages, for example, laryngitis, bronchitis, and 
bronchiectasis, are treated allowing the patient inhale the vapors 
boiling water which various substances (creosote, eucalyptol, 
opium preparations, etc.) have been added. Experimentally the 
respiratory passages are practically not utilized when drug 
administered for its general action. 


preliminary report was published the Proceedings the Pharmacological 
Society (Jour. Pharm. and Exper. Therap., 1914-15, vi, 608). 
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Among the relatively few experimenters who have used the intratracheal 
method for this purpose may mention Kiilbs,! who injected rabbits repeatedly 
for number days with adrenalin, introducing the hypodermic needle into the 
trachea through the skin the neck. observed cough after the injection, 
and twice animal died few minutes after the injection, from pulmonary 
edema. those animals which survived the injections, which were given every 
day every other day for days, the total amount being 3.4 cc. 
adrenalin, found the same macroscopic and microscopic alterations, though 
smaller extent, which obtained after intravenous injection adrenalin. 

Ephraim? series papers reports the results endobronchial treatment 
chronic bronchitis and asthma the human subject. Various drugs, includ- 
ing adrenalin, were introduced fine spray into the bronchi, often through 
The effects obtained were chiefly local; even after the bronchial 
nite rise blood pressure. dog, however, the same method yielded 
powerful rise blood pressure when large amount, mg., was used. 

The failure Ephraim obtain rise pressure after the administration 
mg. adrenalin endobronchially the human subject perhaps attributable 
the method. Ephraim himself observed rabbits that the spray colored 
solution from nebulizer, even when introduced into the trachea, did not reach 
the bronchi, the vapor being precipitated near the point application. the 
same way the endobronchial spray adrenalin was possibly precipitated the 
larger bronchi that only negligible amounts reached the alveolar region where, 
shall show, the absorption best. 

That even colloids can absorbed with rapidity when injected intratracheally 
shown Ishioka sensitized guinea pigs the subcutaneous in- 
jection human serum and after days injected 0.05 0.1 cc. human 
serum into the trachea these animals with the object producing anaphy- 
lactic pneumonia. observed the milder anaphylactic symptoms the ma- 
jority his experiments, but two instances acute death with the typical lung 
picture resulted. 

The absorptive capacity the supratracheal respiratory passages does not con- 
cern here; references concerning the effect inhaled substances will found 
the papers Ephraim. 


Our own experiments will show that the intratracheal injections 
adrenalin are rapidly absorbed even under disadvantageous con- 
ditions and exert systemic effect, and also that this method may 
value therapeutically when rapid action the heart desired. 


Kiilbs, Arch. exper. Path. Pharm., 1905, liii, 150. 
Ephraim, A., Deutsch. med. 1911, xxxvii, 2079; 1912, xxxviii, 1453. 
Ishioka, S., Deutsch. Arch. klin. Med., 1912, cvii, 500. 
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Methods. 


The research was carried out entirely with rabbits, and the chief test sub- 
stance employed was adrenalin. Adrenalin was chosen because its absorption 
could readily detected recording the blood pressure, and the character and 
degree the resultant rise would give some indication the speed and amount 
absorption. 

The animals were anesthetized ether for the operative interferences. These 
were the insertion cannula into the right carotid artery; transection the 
trachea with introduction and ligation wide glass tube about cm. long into 
the distal stump that the respiratory path was free and injection into the 
trachea easy; some rabbits the tracheal cannula was inserted near the 
thorax possible and the lower end the proximal trachea then ligated, thus 
converting the cervical trachea into sac from which the absorption adrenalin 
could tested; number experiments both vagi were sectioned the neck. 

The blood pressure was written mercury manometer connected with the 
artery tubing filled with half saturated solution sodium sulphate. 

The adrenalin used was generally the commercial soluticn 0.1 per cent 
strength, preserved with chloretone. some experiments, however, solution 
was made from the commercial powder preparation, and this was used with 
without the addition chloretone. 

The dose injected varied from 0.15 0.03 cc. per kilo body weight. The 
maximum dose quoted was occasionally greatly exceeded when adrenalin was 
injected intramuscularly. 

The solutions were injected into the respiratory passages several ways. 
Usually the required amount was injected seconds from Record tuber- 
culin syringe into the tracheal cannula. number experiments filiform 
catheter was introduced into bronchus and the solution then driven gentle 
biast air. few times the solution was injected directly into the lung tissue 
passing the hypodermic needle through the walls the chest. 

majority the experiments doses adrenalin were injected repeatedly, 
not only into the trachea but also into the erector spine muscles the back. 

The rabbits were always placed electric warming pad reduce prevent 
the loss body heat. 


EXPERIMENTAL 


Twenty-three experiments were carried out the adrenalin series; 
ten these tests both vagi were cut previous the injection the 
drug. The course the experiments and the characteristic effects 
will illustrated few typical protocols arranged tabular form. 

All rabbits tabulated were tracheotomized under light ether anes- 
thesia; there was insufflation air except No. (Table I); vagi 
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were intact, except No. (Table IV); all injections into the 
trachea were made with syringe through the tracheal tube. 


TABLE 
CC. SEC. mm. min min 
bronchus. (104-168) 
(90-135) 
(107-132) 
Vagi 2,210 gm.| Erector spine 0.23 rise min. 
intact. muscle. 
muscle. 
(96-120) 


Killed medullary puncture after experiment. Lungs showed only moderate 
degree pulmonary edema. 


(91-107) 
(100-160) 
intact. (62-102) 
muscle. 
(80-106) 


Killed later medullary puncture. The lower lobes both lungs showed well 
marked pulmonary edema; slight upper lobes. 
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TABLE 
of animal. Weight. of injection. EE 5 
ce. SCC. mm. min min. 
(88-127) 
muscle (left). (99-142) 
(98-119) 
intact. (95-120) 
muscle 
(right). 
(92-116) 
(102-112) 


Killed later medullary puncture. Lungs collapsed well and showed only 
moderate degree pulmonary edema. 


(114-178) 
cut. 2,365 gm. (110-140) 
(116-132) 
muscle. 


Pink fluid poured from trachea min. after first dose. About min. after last in- 
jection, blood pressure fell abruptly, convulsions, death. Lungs showed marked pul- 
monary edema. 


| 
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TABLE 
of animal. Weight. ot injection. yer rise. #8 bes 
CC. Sec mm. min min 
muscle (left). (106-140) 
intact. 2,160 gm. (110-130) 
muscle 
(right). 
(100-110) 
Erector spine 0.23 rise. 
muscles. 


After last injection foam and pink fluid poured from trachea (marked pulmonary 
edema). 


study these typical protocols given Tables II, and 
III shows with clearness all the points wish emphasize, and 
they will now considered detail. 

Latent Period.—The latent period elapsing between injection and 
the onset the blood pressure rise varied between and seconds, 
but usually was less than seconds; the general average all first 
was seconds. Repeated injections exerted uniform 
effect the length the latent period. Thus Experiment 
the first dose 0.12 cc. adrenalin per kilo injected into the trachea 
surely reached physiologically effective concentration the blood 
within seconds, for after that interval the blood pressure began 
rise. ‘The seventh injection the same dose the same place, 
minutes later, exerted blood pressure effect after latent period 
only seconds, spite the fact that the animal had received 
intratracheally and intramuscularly the interval between the two 
injections mentioned 1.24 cc. adrenalin per kilo, divided into five 
doses. still more striking example the speed absorption 
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given Experiment this experiment the vagi had been cut 
before administering the adrenalin, and the first dose 0.21 cc. per 
kilo into the trachea caused pulmonary edema such extent 
that foam and pinkish fluid poured from the tracheal cannula. 
Nevertheless, repetition the same dose the same place few 
minutes later exerted good blood pressure effect after latent period 
only seconds. this instance the area available for absorp- 
tion was undoubtedly reduced considerably the pulmonary edema, 
yet the speed absorption was still rapid. All the tabulated pro- 
tocols show similar rapid absorption after intratracheal injections. 

The latent period speed absorption was not apparently affected 
the amount adrenalin injected; for example, Experiment 
the intrabronchial injection 0.23 cc. per kilo means catheter 
showed latent period seconds before the blood pressure began 
Experiment the other hand, much smaller dose per 
kilo, 0.12 cc., injected into the trachea gave blood pressure effect 
after latent period only seconds. 

Quantitative quantitative absorption cannot 
definitely established, yet the blood pressure rises obtained after the 
various injections furnish some indication the amount adrenalin 
absorbed. Examination the absolute values the blood pressure 
rises inmm. mercury obtained after successive injections the same 
dose adrenalin the same place, the lung passages for example, 
shows that the blood pressure effect general decreases with the num- 
ber injections. Experiment five doses 0.12 cc. adre- 
nalin per kilo were injected into the trachea, the time intervals varying 
between and minutes the interpolated intramuscular injections 
are included. The blood pressure rises after these five tracheal 
injections were 50, 39, 21, 25, and mm. Experiment the 
successive decrease effect more pronounced. this experiment 
0.21 cc. adrenalin per kilo into the trachea intervals 
minutes gave the following rises blood pressure: ,30, and 16mm. 
this animal, however, the vagi had been sectioned previous the 
first injection adrenalin, and after the first dose marked pul- 
monary edema developed during which fluid poured from the tracheal 
cannula. presence much fluid decreased the absorptive 
area available, and addition diluted the adrenalin with colloidal 
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solution, rendering absorption still slower, yet spite this the 
speed absorption was not appreciably delayed, the latent period 
being and seconds, but the amount absorbed, judged the 
pressure rises, showed practically per cent decreases. 

This decrease effectiveness causing blood pressure rise shown 
successive tracheal injections accord with the observations 
Meltzer and Auer‘ that adrenalin diminishes absorption from the 
tissues. authors demonstrated, among other facts, that the 
intravenous injection adrenalin delays the absorption strychnine 
fluorescein from the subcutaneous tissue, and also that repeated 
intramuscular injections give decreasing blood pressure 
due diminished absorption. 

will noticed examining the tables that all injections 
adrenalin into the trachea gave some blood pressure effect; other 
words, that some absorption took place even under unfavorable 
circumstances. comparison was therefore made between the 
absorptive capacity the lung and that the erector spinz muscles. 
The erector muscle was chosen because this thick mass 
muscle composed fine fibers not separated into coarse fasciculi, 
like the glutei for example, and addition surrounded dense 
fascia which exerts pressure upon the injected substance, thus facili- 
tating absorption. into this muscle has been shown 
Meltzer and Auer‘ practically equivalent intravenous 
injection. 

The experimental test gave important results. clearly appeared 
that the injection several doses adrenalin into the lung passages 
reduced the absorption from the erector spinz muscles such degree 
that even double the intratracheal dose given intramuscularly did 
not enter the circulation sufficient amount affect the blood 
pressure; nevertheless, another injection the original dose 
adrenalin into the lungs promptly entered the circulation sufficient 
concentration and amount cause blood rise (see Experi- 
ments 4). This fact appears with especial clearness 
Experiment this test the rabbit received three doses each 


Meltzer, J., and Auer, J., Tr. Assn. Am. Phys., 1904, xix, 207; Jour. Exper. 
Med., 1905, vii, and Meltzer, 1911, xiii, 328. 
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0.23 cc. adrenalin per kilo into the lung, the time consumed being 
about minutes. injection gave rise blood pressure (64, 
mm.). Then the same dose was injected intramuscularly, 
but blood pressure rise occurred minutes. The dose was 
then doubled and 0.46 cc. per kilo was injected into the other erector 
spine muscle, but again blood pressure rise followed. minutes 
later the original dose 0.23 cc. was injected into the lung passages 
and after latent period seconds the blood pressure began 
rise and reached absolute value mm. mercury. 

The failure obtain blood pressure effect from intramuscular 
injection adrenalin under the conditions mentioned is, however, not 
absolute. the dose administered intramuscularly increased 
sufficiently, enough adrenalin will absorbed cause blood 
pressure rise. This illustrated Experiment Two lung 
injections 0.12 cc. adrenalin each had been injected about 
minutes. Then five times the dose (0.6 cc. per kilo) was injected 
intramuscularly; after latent period seconds the blood pressure 
rose mm. there was, nevertheless, definitely diminished 
absorption from this large intramuscular injection shown the 
fact that the rise blood pressure, mm., even less than that 
caused the first lung injection only one-fifth the dose, which 
latter raised the pressure mm. Subsequent injections adrenalin 
into the lungs all gave rises blood pressure, but interpolated 
intramuscular injection double the pulmonary dose gave blood 
pressure effect. The amount absorbed from the muscles had fallen 
below the level physiologically effective dose. 

some experiments the conditions were still further varied 
preceding the lung injections adrenalin intramuscular and intra- 
venous injections the same substance. Experiment one 
this type. The adrenalin dose was always 0.23 cc. per kilo. After 
intramuscular and intravenous injection, absorption adrenalin 
from the lung was means prevented, the blood pressure rising 
mm. after latent period seconds. subsequent intra- 
muscular dose, however, produced blood pressure rise within 
minutes. Another lung injection even now caused definite rise 
pressure. 

These experiments definitely show that, under the conditions 
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mentioned, absorption from the lungs occurs with doses adrenalin 
which are ineffective when injected intramuscularly. 

There was definite relationship observed between the 
amounts adrenalin injected into the lungs and the resultant blood 
pressure rise. The same dose per kilo often produced widely differ- 
ent rises different animals, and smaller doses often caused greater 
elevations pressure than larger ones. Table illustrates this 
and demonstrates addition that the amount adrenalin injected 
played part. 


TABLE Iv. 
gm. mm. 

(0.5 cc.) 140) 

kilo (0.2 cc.) 150) 

kilo (0.5 cc.) 144) 


kilo (0.4 cc.) 198) 


Blood duration the blood pressure elevation 
was usually less than minutes; only the effects the first tracheal 
injections are considered the average minutes. Subsequent 
injections, however, often showed definitely longer duration the 
elevation. illustration this effect will found Experiment 

The character the rise varied somewhat; was usually more 
less abrupt, the maximum being reached within seconds. other 
instances the maximum elevation was reached about minute. 
The abruptness the rise seemed bear some relation the num- 
ber preceding injections, the slope becoming less steep with suc- 
ceeding doses. This, however, was means true all experi- 
ments, for some all intratracheal injections gave sharp rises 
pressure. Vagus pulses were often observed, but their occurrence 
was not frequent when the adrenalin administered 
nously intramuscularly. 

number experiments abrupt and profound drops blood 
pressure were noted. These occurred without any warning during 
the maximum pressure elevation, the pressure falling within few 
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seconds mm. and even less. These drops lasted from 
160 were not necessarily fatal. some instances 
number these profound drops occurred, recovery the blood 
pressure taking place spontaneously after series convulsions. 
When these drops occurred, they were always associated with more 
less pronounced signs pulmonary edema. The significance 
this phenomenon will discussed later paper. 

Site order obtain some information regarding 
the site absorption the injected drug, few experiments were 
made with intratracheal injections India ink suspensions 
lampblack extremely dilute gum arabic solution. Doses 
0.3 cc. per kilo body weight were injected slowly syringe into 
the tracheal cannula. seconds after the injection the medulla 
was destroyed puncture, and the lungs and trachea were immedi- 
ately excised and examined. The three experiments carried out gave 
concordant evidence: the posterior and diaphragmatic surfaces 
the lower left lobe always showed large number discrete and 
confluent, irregular black spots varying from about mm. 
diameter. The surfaces the other lobes showed only few 
spots, and these were confined largely the posterior surfaces near 
the hilus the right lower and right middle lobes. 

sectioning the lungs through the trachea and bronchi, the larger 
part the left lower lobe was found black mass containing 
foam and some fluid. The right lower and right middle lobes near 
the hilus also contained amount pigment which was greater 
than would expected from the surface indications. The upper 
lobes and the median lappet showed few spots the body these 
divisions. 

The sections the lung containing the pigment were larger and 
fuller than those free from it; moreover, they contained more fluid. 
The distension was greater than the amount fluid present explained, 
and apparently was least partly caused mechanical plugging 
the bronchioles and infundibular ducts the pigment. The 
amount fluid present the tissues seemed greater than the amount 
injected (0.3 cc.), that perhaps some degree pulmonary edema 
also developed. 

These experiments with the tracheal injection pigment suspen- 
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sions thus indicate that certain amount penetrates the alveoli, 
chiefly the left lower lobe, within less than minute, and that 
absorption all likelihood takes place there. 

might thought that some absorption could take place from 
the mucosa the trachea and the bronchi, and such absorption indeed 
does take place, least far the tracheal mucosa concerned. 
This absorption from the tracheal mucosa is, however, quite slow and 
the blood pressure rise obtained sets very slowly. tested the 
absorptive power the tracheal mucosa the following way. The 
tracheal cannula was inserted low possible the neck; the 
upper section the trachea was then ligated near the cannula, con- 
verting into sac. Injections adrenalin were then made into 
this sac and the blood pressure effect was noted. the two experi- 
ments made the first injection adrenalin gave each time slow and 
gradual rise pressure, the latent period being respectively 150 and 
seconds. the first experiment the blood pressure rise equaled 
mm. and lasted longer than minutes. the second experi- 
ment (Experiment the first injection into the tracheal sac gave 
rise only mm. mercury after latent period seconds, the 
rise persisting for more than minutes. subsequent repetition 
the injection gave blood pressure effect within minutes. The 
doses adrenalin injected were respectively 0.3 and 0.25 cc. per kilo. 

These experiments show that while absorption adrenalin does 
take place from the tracheal mucosa, and therefore probably also 
from the bronchi and bronchioles, these surfaces play only sub- 
sidiary part sites absorption when adrenalin injected into the 
trachea. 

Section the vagi the neck before the intratracheal injection 
adrenalin yielded interesting results. These nerves were cut 
order prevent the occurrence those profound blood pressure 
drops mentioned previously, the assumption that they were due 
the well known initial effect adrenalin upon the vagus center. 
However, these drops still occurred some the experiments 
after section the vagi, and addition, pulmonary edema and 
sudden death were much more frequent than the series with 
vagi intact. One intratracheal injection adrenalin often sufficed 
bring strong pulmonary edema and even death within few 
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minutes. Without entering here into discussion all the phenom- 
ena observed, may said, general, that section the vagi 
produced noteworthy alteration the absorptive power the 
lung tissue far adrenalin concerned. The variations observed 
the vagotomized series fell well within the range those seen 
the normal series, though percentage reckoning all intratracheal 
injections given for the first time, shows that the vagotomized animal 
exhibited shorter latent period (10 against seconds), higher 
blood pressure rise (56 against mm.), and longer duration the 
pressure elevation (9.5 against minutes). Not much stress, how- 
ever, should laid upon averages gained from only twenty-three 
experiments, especially this work where pulmonary edema entered 
complicating factor the vagotomy series. 

number experiments were also carried out with 0.1 per cent 
solution adrenalin made from the commercial powder, few drops 
concentrated hydrochloric acid being added the sterile saline 
bring about solution. This solution, with without the addition 
chloretone, did not give good results when injected intratracheally 
the solution obtained the open market; the absorption was 
slower and the resultant rise blood pressure less marked. 

few experiments were also carried out with the sodium salt 
fluorescein. Solutions this substance, per cent strength, 
were injected intratracheally, the dose being 0.3 cc. per kilo body 
weight. Samples blood were then taken regular intervals from 
the carotid artery, allowed clot small test-tubes, and the serum 
was examined for fluorescence. experiments also indicated 
rapid absorption though not striking with adrenalin; after 
seconds the blood samples showed the first detectable green fluores- 
cence. This fluorescence rapidly increased first, then more slowly, 
reaching maximum after number minutes. 


DISCUSSION AND SUMMARY. 


the preceding pages have submitted evidence which shows 
that simple intratracheal injection solution normally breath- 
ing rabbit penetrates within few seconds the alveoli, chiefly those 
the left lower lobe; that absorption rapid and well 


770 ADRENALIN AFTER INTRATRACHEAL INJECTION 


and that the procedure may repeated effectively number times 
even with substance like adrenalin which decreases absorption. 
was also shown that absorption adrenalin from the lung could 
obtained time when double the dose given intramuscularly 
exerted blood pressure effect whatever, and that absorption 
could still take place after the development pulmonary edema, 
when there was undoubted dilution the injected solution with 
serum-containing liquid and when diminution the absorptive 
field had occurred. 

The solution injected, after reaching the alveoli, probably largely 
taken the capillaries the pulmonary veins. This indicated 
the great rapidity with which intratracheal injection adre- 
nalin may cause rise blood pressure. numerous instances, 
for example, the pressure began rise less than seconds after the 
completion injection, equaling and even surpassing rapidity 
effect intramuscular injection. Absorption the lymphatics 
probably plays secondary part, assumption rendered all themore 
likely consider that lymph nodes are interpolated the lym- 
phatic pulmonary path, where the bed the lymph stream becomes 
greatly widened and the current slowed. 

Injection into the lungs, however, offers another advantage due 
the vascular arrangement the absorbing field which could 
value therapeutically. Absorption liquids injected into the lung 
probably takes place largely through the capillaries the pulmonary 
veins; slight extent possibly through the capillaries the bron- 
chial veins which empty partly into the pulmonary veins, partly into 
the azygos veins; and probably some absorption occurs also through 
the lymphatics. far the larger proportion the absorbed ma- 
terial will thus rapidly delivered the left auricle and the 
left ventricle. each succeeding systole, long absorption con- 
tinues, fraction the drug will driven into the coronary arteries 
and able affect the musculature the cardiac pump. This fact 
ought render the procedure intratracheal injection valuable 
method when becomes imperative stimulate suddenly failing 
heart promptly possible drugs the digitalis group. 

Intratracheal injection perhaps better under the conditions 
mentioned than the intravenous route, for the surface veins cannot 
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always entered with promptness and certainty even under fairly 
normal conditions, and cases cardiac weakness the difficulties 
will measurably increased, while intratracheal injection can 
carried out with ease. Moreover, legitimate expect that some 
absorption will take place from the lung alveoli long the heart- 
lung circulation persists, matter how feebly, and that thus some 
the drug will reach the heart act this structure itself more 
promptly perhaps than when the drug administered successfully 
through surface veins. far the intramuscular route con- 
cerned, have shown that the intratracheal injection adrenalin 
gives prompt though diminished absorption time when double 
the dose intramuscularly exerts blood pressure effect whatever. 

The technical difficulties giving intratracheal injection ani- 
mals are slight. Tracheotomy practised the present series 
experiments not necessary, for the injection may given into 
the intact trachea without exposure the trachea. The hypodermic 
inserted through the skin about cm. below the larynx 
slanting caudad direction; the entrance the needle into the trachea 
readily felt. The injection should not rapid that the injected 
solution fills the entire tracheal lumen, but should flow down the 
sides the trachea. the lumen entirely filled, expiration 
may drive some the injected liquid into the larynx causing cough. 
our experiments each injection about 0.5 cc. consumed approxi- 
mately seconds. 

the human subject data are available far our knowledge 
goes, but priori would seem that intratracheal injection al- 
most simple the lower animals. The free hypodermic needle 
could inserted into the tracheal lumen immediately below the cri- 
coid cartilage. The needle itself should preferably connected with 
the syringe short length rubber tubing minimize the danger 
breaking the needle sudden move the patient. The amount 
the solution should not too small, that least fraction 
may reach the alveoli promptly possible; cc. probably 
would suffice. 

Insertion the needle the locality mentioned would puncture 
the isthmus the thyroid, but this significance, especially 
when the procedure employed cases cardiac failure where the 
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gravity the condition would warrant incurring much heavier risks 
than slight bleeding from the thyroidal isthmus. 

conclusion may said that the incorporation drugs in- 
tratracheal injection, while not generally applicable other 
methods, nevertheless has advantages which warrant its use also 
human therapeutics. 
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THE PRODUCTION AMYLOID DISEASE AND CHRONIC 
NEPHRITIS RABBITS REPEATED INTRAVE- 
NOUS INJECTIONS LIVING COLON BACILLI. 


From the Pathological Laboratory the Medical School Leland Stanford Junior 
University, San Francisco.) 


110 115. 
(Received for publication, March 14, 1916.) 


The experiments here reported are portion larger series 
which several varieties bacteria were used and which were under- 
taken the hope producing rabbits repeated intravenous 
injections living bacteria, over long periods, kidney lesions which 
might least approximate the chronic lesions seen man, which 
are probably due long continued septic conditions. The results 
rabbits injected with Bacillus coli communior were striking 
the constant and pronounced production amyloid various organs, 
well the resulting kidney lesions apart from the amyloid 
deposits, that brief report them and review previous work 
the experimental production amyloid seems appropriate. 


Frisch (1) 1877 was the first announce the experimental production 
substance. produced keratitis rabbits injection into the 
cornea fresh blood from case anthrax. reports positive results 
out 300 corneas injected. The resulting lesion gave characteristic reactions 
with iodine and with iodine and sulphuric acid, but the reaction with aniline dyes 
was lacking and the material was doubly refracting. seems doubtful, therefore, 
whether the substance was amyloid. 

Birch-Hirschfeld (2) observed amyloid the spleen rabbit which died 
after weeks chronic subcutaneous suppuration produced the injection 
pus from case osteomyelitis the tibia. Other similar experiments gave 
negative results. 

Bouchard and Charrin (3) observed amyloid two rabbits. One had been 
injected subcutaneously with Bacillus pyocyaneus and subsequently four times 
intravenously intervals several months. The animal lived about year. 
Amyloid was found the kidneys and also the vessels the heart and the 
heart muscle. second rabbit lived days after injection with material from 
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human tuberculous lesion and with culture tubercle bacilli. Amyloid was 
present the kidneys; there was none the spleen, liver, heart. 

Czerny (4) his first paper reports the production amyloid the spleen 
and few vessels the kidneys two dogs which had produced sub- 
cutaneous suppuration for and weeks the injection turpentine. The 
material deposited gave the iodine-sulphuric and methy] violet 
paper concerned especially with the iodophilic granules leukocytes from which 
believes amyloid formed. Ina second paper (5) reports the production 
amyloid the same method three more dogs, one after suppuration lasting 
months, and two after months. 

Condorelli-Maugeri (6) brief communication simply states that has 
produced amyloid disease the liver and kidneys rabbits injection 
Bacterium iermo. far the writer can discover, detailed account his 
experiments has been published. 

Krawkow (7, 10) was the first study systematically the question 
large series different animals. produced chronic suppuration the sub- 
cutaneous injection broth cultures Staphylococcus aureus into rabbits, dogs, 
hens, doves, and frogs. eight twelve rabbits produced amyloid, mainly 
the spleen, certain instances also the gastro-intestinal tract, liver, kidneys, 
and salivary glands. dogs the results were negative after subcutaneous 
suppuration lasting months. The results pigeons were also negative. 
found amyloid much easier production and more extensive hens than 
other animals, three four hens and each four cocks giving positive results 
months. two frogs, several dozen injected, the spleens showed 
traces substance giving suggestive reaction, but Krawkow was not certain 
that was amyloid. 

Krawkow (9) also tried Czerny’s method injecting turpentine subcutane- 
ously and also silver nitrate, both with negative results. believes that the 
abscesses produced Czerny were not aseptic. also injected rabbits and 
dogs over long periods with filtrates cultures Staphylococcus aureus and also 
with non-filtered cultures killed 100°C. with negative results. Amyloid was 
found, however, one rabbit which months had received seventeen injections 
100°C. this experiment amyloid was present the spleen the small arteries 
and some extent about the capillaries. the kidneys traces were found 
about the convoluted tubules, but none the glomeruli. None was found the 
liver. pointed out several later workers, Krawkow’s results are surprising 
when one considers the length time his experiments. two rabbits amy- 
loid was found the spleen days after the first injection cc. broth 
culture Staphylococcus aureus. third amyloid was pronounced after 
days, during which time two injections and cc. had been given, while 
other cases injected repeatedly over period months, was entirely lacking. 

Davidsohn (11) confirmed the observation Krawkow the possibility 
producing amyloid subcutaneous suppuration resulting from repeated in- 
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jections Staphylococcus aureus. used rabbits, mice, hens, guinea pigs, 
and cats. guinea pigs and cats the results were negative; the best results were 
obtained with mice and rabbits. There the same inconsistency time and the 
amount culture injected Krawkow’s experiments. Amyloid was found 
the spleen, stomach, intestines, kidneys, and rarely the salivary glands, pan- 
creas, and lymph nodes. only one instance doubtful amyloid was found the 
bone marrow. the kidneys amyloid was present patches small arteries 
the medulla and along the collecting tubules; there was change the glomeruli. 
obtained negative results with streptococcus, Bacillus coli, and putrefactive 
bacteria. Davidsohn believes that Czerny’s positive results with turpentine 
may have been due bacterial contamination the lesions. 

Lubarsch (12) was first unable produce amyloid Czerny’s method. 
Later (13) produced suppuration for weeks eight dogs the injection 
turpentine. one case weeks’ duration, found amyloid the 
spleen only. second was doubtful, the others negative. Seven rabbits were 
injected repeatedly subcutaneously with living broth cultures Staphylococcus 
aureus, the longest period being for weeks. Positive results were obtained 
two cases, and weeks. Amyloid was found the spleen only. Guinea 
pigs were injected with living Staphylococcus aureus and dead broth cultures 
Bacillus pyocyaneus, pneumococcus, streptococcus, and bacillus 
with negative results. Lubarsch calls attention the irregularity results, 
especially time, his own experiments and those others, and concludes 
that certain method producing amyloid has been found. 

later papers Davidsohn (14, 15, 16) reviews his own work and that others 
and reports the subcutaneous injection mice with gonococcus with positive 
results two cases. His experiments with bacterial toxins gave negative results. 
With dead bacteria, however, obtained positive results one mouse which 
amyloid was found the spleen, liver, kidneys, and intestines. 

Nowak (17) attempted prove and extend the work Krawkow, and his 
results seem worthy reviewing some detail. experimented rabbits 
and hens and found much easier produce amyloid the latter. used 
staphylococcus, streptococcus, Bacillus pyocyaneus, Bacillus coli communis, and 
their sterile filtrates; bouillon inoculated with human stool and filtrate this; 
also tuberculin, fresh and sterile pus, croton oil, and turpentine. seven rabbits 
injected with living Staphylococcus aureus, two, and 102 days’ duration, 
showed amyloid the spleen only. All hens injected showed amyloid. Two 
rabbits injected with living Bacillus pyocyaneus were negative; two were 
positive. Two rabbits injected with living Bacillus coli and also two hens showed 
pus and amyloid. Rabbits injected with putrefied bouillon gave negative 
results, while each two hens were positive. the rabbits injected with sterile 
filtrates cultures various organisms, one rabbit only, which had been in- 
jected with filtrate culture Bacillus pyocyaneus for days, showed few 
nodular deposits the spleen which gave the amyloid reaction with aniline colors. 
nine hens injected with sterile filtrates, three were positive; two these had 
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been treated with filtrates Staphylococcus aureus cultures, and one with 
filtrate cultures Bacillus coli. two rabbits and two hens injected for 
long periods with large doses tuberculin, one each showed nodules the 
spleen which gave doubtful reaction. Nowak considers them negative. 
three rabbits injected with fresh pus, one, days, showed amyloid the spleen 
and liver; two hens similarly injected, one showed amyloid the spleen and 
liver. Rabbits injected with sterile pus were negative; two hens were both 
positive. Croton oil gave negative results. two rabbits injected with tur- 
pentine, one showed amyloid the spleen and liver 201 days; each five 
hens injected showed amyloid the spleen and liver, and two these the 
kidneys also. 

Maximow (18) also obtained positive results hens and rabbits repeated 
subcutaneous injections living Staphylococcus aureus. His earliest positive 
result was rabbit after days. 

Schepilewsky (19) produced extensive subcutaneous necrosis and suppuration 
the injection various ferments. Out considerable number experi- 
ments reports positive results two rabbits injected with lab-ferment, one 
injected with pancreatin, and one with papayotin. The author makes the 
criticism the positive results Lubarsch and Nowak with turpentine, and 
those Krawkow, who obtained positive result one rabbit with Bacillus 
toxin, and Davidsohn, who obtained positive result one mouse 
injected with dead bacteria, that bacterial contamination the suppurating 
lesions produced was not excluded. Davidsohn (14, 16) the other hand, be- 
lieving that amyloid cannot produced without the action living bacteria 
their products, makes similar criticism Schepilewsky’s results with fer- 
ments, and apparently with equal justice. The latter admits that the abscesses 
one the four positive cases were not sterile. The other three believes were 
sterile, but each these animals died epidemic disease nature not stated, 
and one the three had purulent bronchitis. 

Dantschakow (20) studied the salivary glands rabbits injected subcutane- 
ously with living Staphylococcus aureus. She believes that amyloid first appears 
here. She found some cases the 2nd week, others not until the 6th 
7th. 

Tarchetti (21) reports entirely negative results. injected dog sub- 
cutaneously with Staphylococcus aureus. When the animal had become immune 
and the injections longer produced abscesses, used turpentine. The dur- 
ation the experiment was months. Three rabbits injected subcutaneously 
with turpentine and eight with living Staphylococcus aureus were negative. 
concludes that repeated injections turpentine broth cultures Staphylo- 
coccus aureus produced amyloid the spleen dogs, rabbits, guinea pigs. 

Ravenna (22) concludes from many experiments that the question experi- 
mental production amyloidosis still cannot considered solved, means 
lacking which will produce with certainty. 

special interest connection with the experiments here reported are the 
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observations amyloid the liver horses repeatedly injected with bacteria 
their toxins for the production immune serum. 

Zenoni (23) first reported the presence amyloid degeneration diphtheria 
antitoxin horses, especially the liver. The lesion produced very friable 
organ and death was apt occur from spontaneous rupture and hemorrhage. 

Pease and Pearce (24) report liver necrosis and venous thrombosis twelve 
horses which had been repeatedly injected subcutaneously, seven with diphtheria 
toxin, two with tetanus toxin, one with dysentery bacilli, and two with strepto- 
cocci. horse also added the series which had been injected with diphtheria 
toxin and killed account its crippled condition. Its organs were normal. 
Two these horses, both injected with diphtheria toxin, showed amyloid the 
liver and spleen, especially the latter. was not present the kidneys, heart, 
lymph nodes. They note that these two animals had developed unusual 
number abscesses the sites injection, apparently attributing the amyloid 
formation this fact. 

Lewis (25) reports that amyloid degeneration the liver and less frequently 
the spleen produced majority horses the routine injection diphtheria 
toxin and repeated bleeding, extending over period years. The horses are 
apt die from rupture the liver and intraperitoneal hemorrhage. rules 
out abscesses essential condition and also the repeated bleeding, and con- 
cludes that the crude toxin the factor prime importance the production 
amyloid. 

Schoukewitch (26) reports that repeated injections large doses Bacillus 
pestis produce amyloid degeneration different organs horses and that pus 
formation not essential. 

Markus (27) observed amyloid the liver horses injected with dysentery 
bacilli. 


EXPERIMENTAL PART. 


the following experiments rabbits were injected the ear vein 
with beef extract broth cultures colon bacillus, transferred from 
stock cultures beef extract agar. The rabbits were injected, 
though older cultures were occasionally used. Colon 232 and 
Colon 244 were strains Bacillus coli communior obtained pure 
culture from surgically removed pyonephrotic kidneys. Colon 
was also Bacillus coli communior isolated from normal stool. 

Frozen sections tissues fixed Orth’s fluid were stained with 
hematoxylin and Sudan III and also Van Gieson’s method. 
Sections paraffin-imbedded tissues were also stained Van 
Gieson’s method. Tissues were stained for amyloid with iodine, 


iodine and sulphuric acid, methyl violet, and gentian violet. has 
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been previously mentioned, the finding amyloid these rabbits 
was unexpected. The hyaline bodies the kidney glomeruli and 
other glomerular and parenchymatous changes had been noted, but 
that the bodies the glomeruli were amyloid nature was not 
recognized until majority the rabbits had come autopsy and 
pieces their organs had been fixed Orth’s fluid only. Conse- 
quently was generally possible try the various reactions only 
under the relatively unfavorable conditions previous fixation 
Orth’s fluid. one rabbit, No. 15, the reactions were tried fresh 
and alcohol-fixed tissues; Rabbits and alcohol-fixed 
tissues; all others, tissues fixed Orth’s fluid only. The 
reactions were tried under these conditions the spleen, liver, and 
kidneys all rabbits. Pieces other organs, however, which are 
interest connection with amyloidosis had not been preserved 
most cases, and therefore impossible report the presence 
absence amyloid degeneration other situations except few 
instances. shows the strain bacteria used, the duration 
the experiment days, the number injections, and the presence 
absence amyloid the spleen, liver, and kidneys. Positive 
findings other organs will mentioned later. 
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Complete autopsies were performed all the animals, which, how- 
ever, reported detail, the gross pathological findings were 
few. Suppurative lesions were lacking with the following exceptions: 
Rabbit had abscess about 1.5 cm. diameter the upper ante- 
rior mediastinum, and Rabbit had few small nodular areas 
consolidation the lungs, each about mm. diameter with central 
softening. All the rabbits lost much weight, emaciation being 
extreme the older cases. The livers were about normal size and 
change consistency was noted except No. 15, which the 
organ was definitely firmer than normal but more friable. All the 
spleens were somewhat enlarged; No. the organ was about four 
times normal size, No. about three times, Nos. and about 
twice; the others the enlargement was slight. Beyond the enlarge- 
ment there was marked change appearance consistency. 
The gross appearance the kidneys was not striking. all the 
animals they were definitely opaque, many very pale, and some 
apparently swollen. Small, slightly depressed, purple gray sur- 
face scars were present many instances, some being moderate 
number, most very few. None were present Nos. 
and They had the same appearance the spontaneous scars 
rabbits, and difficult decide whether they are ascribed 
the treatment preexisting spontaneous nephritis. The fact 
that they were absent the experiments shorter duration would 
favor the former view. The number and severity the scars when 
present, however, definitely bore relationship the length 
time the rabbit had been injected, the scars Nos. and being 
more numerous than the older rabbits, which they were very few 
and slight. 

Microscopical examination the spleens the earlier rabbits, 
Nos. inclusive, showed large amount hematogenous pigment 
collected large phagocytic cells the sinuses the pulp. 
some there was slight diffuse fibrosis. Otherwise the spleens were 
normal. Rabbits the hematogenous pigment was also 
present and all there was fibrosis. All showed about the 
Malpighian bodies homogeneous hyaline substance which the 
more marked cases, Nos. 11, 12, and 13, encroached these 
structures (Fig. and almost entirely replaced them, only small 
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collection lymphoid cells remaining grouped about the central 
artery. moderate amount nuclear detritus was present this 
material, and No. numerous fairly large hemorrhages were 
present the midst the hyaline material, which had largely re- 
placed the Malpighian bodies. Similar hyaline material was also 
seen some animals the reticulum the pulp. Rabbits 
and the fibrosis and hyaline formation, though more marked about 
the Malpighian bodies, was also present through the reticulum the 
pulp (Fig. 5). Stained with methyl violet gentian violet, this 
hyaline material, both about the Malpighian bodies and the pulp, 
gave typical red amyloid reaction all cases (Fig. appeared 
the form small irregular masses which usually were quite homo- 
geneous, but sometimes suggested finely granular structure. When 
present the reticulum the pulp had definite fibrillar appear- 
ance. With reaction was obtained even the fresh and 
alcohol-fixed tissues No. 15. With iodine followed sulphuric 
acid the larger collections about the Malpighian bodies gave pale 
but definite greenish color. reactions will considered later. 
Large phagocytic cells were quite numerous the spleen these 
rabbits, and No. fairly numerous giant cells were present, hav- 
ing many nuclei and often including masses the amyloid (Fig. 1). 
These cells have been previously noted Krawkow (7). 

All the livers showed definite but usually moderate increase 
periportal connective tissue and also infiltration with round cells 
these areas. difficult decide whether this spontaneous 
cirrhosis due the treatment. There were also present all the 
animals varying number small focal necroses situated indiscrimi- 
nately the lobules. the earlier ones these were infiltrated with 
round cells; the later ones they were often replaced connective 
tissue. There was considerable granular degeneration the liver 
cells these rabbits and also pyknosis nuclei. No. numerous 
large central necroses were present with much fibrin and some hya- 
line degeneration but little cellular infiltration. The livers Rabbits 
11, and showed between the walls the capillaries and the 
liver cells layer hyaline material with atrophy and 
granular degeneration the intervening liver cells. This was present 
lobules, but No. was seen only the peripheral and middle 
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zones the lobules, while the other two was fairly uniform 
throughout. With iodine and iodine followed sulphuric acid, 
reaction was obtained. With methyl violet and gentian violet this 
material gave typical amyloid reaction. With these stains the 
substance appeared usually definite granular form (Fig. 2), but 
sometimes fine fibrillar structure was apparent. The necroses with 
hyaline degeneration described No. gave reaction. 
amyloid was found the walls the larger vessels. 

The kidneys these rabbits deserve special attention, since they 
showed not only amyloid deposits but also other lesions definitely 
due the bacterial injections. Degenerative changes were present 
the tubular epithelium all cases. Frozen sections stained with 
Sudan III showed moderate fatty degeneration affecting principally 
the convoluted tubules. The fatty degeneration was, however, more 
marked the earlier than the later cases. The was definite 
granular degeneration, also most marked the convoluted tubules, 
and some necrosis the epithelium with pyknosis nuclei, lack 
nuclear staining, and desquamation. ‘The large granules seen the 
epithelium the proximal convoluted tubules chronic parenchy- 
matous nephritis man were not observed. Casts were present all 
kidneys except those Nos. and and Nos. 13,14, and they 
were numerous. glomerular changes, other than hyperemia, were 
noted Rabbits while all the others showed evidences 
subacute and chronic glomerulitis. The lesions consisted fibrous 
and hyaline thickening the vascular loops and occasionally 
the glomerular capsules, protoplasmic, cellular, and fibrous adhesions 
between the tufts and capsules, areas necrosis the tufts, and 
hyaline bodies containing few pyknotic nuclei and some nuclear 
débris. These lesions varied number and degree the different 
rabbits. Adhesions were present Nos. inclusive, being, 
however, few Nos. and but numerous the others, especially 
Nos. and Almost every glomerulus No. showed 
adhesions. Some these adhesions were fine protoplasmic unions 
between tuft and capsule (Fig. large and cellular fibrous 
(Figs. and 8). Fibrous and hyaline thickening the vascular 
loops was present Nos. 11, 12, 13, 14, and 15, with necroses and 
large amyloid bodies some instances (Figs. and 9). The fre- 


782 AMYLOID DISEASE AND CHRONIC NEPHRITIS 


quent occurrence localized interstitial scars the kidneys 
rabbits unfortunately renders the interpretation interstitial lesions 
these animals difficult. been already mentioned, most the 
rabbits which withstood the injections longest showed few small 
scars the gross. There were usually only two three such scars 
scars have been disregarded perhaps due 
preexisting spontaneous nephritis. most the kidneys, how- 
ever, there were present small collections round cells, and Nos. 
13, 14, and there was slight, rather diffuse, cellular thickening 
the interstitial tissue. believed that these lesions were pro- 
duced experimentally. 

Six the kidneys, shown the table, gave typical amyloid 
reaction with methyl violet. The amyloid was present the glom- 
eruli small and large nodular collections (Fig. and also the 
medulla where some instances was situated only about the 
small capillaries small localized areas; others involved the 
entire interstitial tissue, similar small nodular areas, here surround- 
ing both vessels and tubules. amyloid was noted the larger 
vessels. Here other organs was difficult convince one’s 
self definitely the morphology the amyloid. certain instances 
the large deposits the glomeruli seemed have definite fibrillar 
structure with frayed out appearance the edges, especially 
noticeable the alcohol-fixed tissue No. 15. some the 
other cases these bodies appeared quite homogeneous (Fig. 3). With 
iodine reaction was obtained even with frozen sections the 
fresh tissue No. 15. With iodine and sulphuric acid the larger 
bodies the glomeruli, like the deposits the spleen, gave pale 
but definite greenish reaction. 

reference the table one notes that amyloid was present 
the spleen all rabbits, eight number, which were injected for 
period days longer. These eight rabbits showed glomerular 
and other lesions the kidneys, and six amyloid was present. 
The livers three contained amyloid. Organs other than the spleen, 
liver, and kidneys were examined for amyloid only few instances. 
The stomach, small intestine, large intestine, heart, adrenal, and 
submaxillary gland No. gave reaction. ‘The small intestine, 
large intestine, heart, and submaxillary gland No. gave 
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reaction. The stomach and small intestine No. showed typical 
deposits small scattered areas the mucosa only; small irregular 
homogeneous bodies the bone marrow gave doubtful reaction 
with methy] violet; the heart and adrenals showed none. 


DISCUSSION. 


seems justifiable regard the deposits described these animals 
amyloid spite the absence the iodine reaction. was 
possible try the reaction fresh alcohol-fixed tissues only 
one, No. 15, the eight rabbits which showed deposits. 
possibility that the reaction might have been obtained some the 
other animals under these conditions. the consensus opinion, 
however, those who have studied the question carefully, that the 
reaction with aniline colors the more typical and that the iodine 
and iodine-sulphuric reactions are sometimes lacking. Davidsohn 
(11) and others believe that these reactions represent different stages 
the development amyloid, the reaction with aniline colors ap- 
pearing earliest and being present throughout, the iodine reaction 
appearing next, and that with iodine and sulphuric acid representing 
the latest stage. Krawkow (10) and Maximow (18) report results 
similar the above with the amyloid experimentally produced 
them animals. Krawkow (10) found the reaction with methyl 
violet constant, but obtained the iodine reaction only few instances, 
and then only fresh alcohol-fixed tissues, and the latter 
disappeared after hours’ fixation. Similar absence the iodine 
reaction amyloid deposits man has been reported Hanse- 
mann (28), Krawkow (10), and others. Krawkow (10) believes 
that these reactions not represent difference chemical com- 
position the substance, but are due difference physical con- 
formation the older deposits. The presence the iodine-sul- 
phuric reaction the absence the simple iodine reaction appears 
from the record previous experiments exceptional. The 
possibility suggested itself that the green color obtained these 
cases might due the presence cholesterol these degenerated 
areas. ‘The large deposits the kidneys and spleen, however, give 
suggestion fat reaction with Sudan one would expect were 
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the cholesterol present any considerable amount lipoid form; and 
the fact that the reaction was also obtained specimens imbedded 
paraffin would seem rule out cholesterol the responsible factor. 

Scrapings the fresh liver, spleen, and kidneys Rabbits 
11, 13, and were examined with the polarizing microscope for 
anisotropic fat. This examination interest account the 
reports the presence doubly refracting lipoids human nephritis, 
particularly the chronic parenchymatous type which these kidneys 
closely resemble. The results were negative except the liver 
No. and the kidneys No.8,in both which moderate number 
small anisotropic droplets were present. 

One notes that the spleen there association amyloid 
formation with evidences blood destruction, cell necrosis, and 
fibrosis. Also the glomeruli the kidneys one sees necrosis and 
fibrosis associated with the deposition amyloid. the liver 
this association not evident. not justifiable draw defi- 
nite conclusions possible relationship between amyloid 
formation and any one these other phenomena. While the cell 
destruction may part the result the deposition amyloid, 
the two may mutually independent results the toxic action, 
believe that the possibility genetic relationship between cell 
necrosis and the formation amyloid should not too readily 
dismissed. Mallory’s views are worthy attention this regard. 
states (29) that amyloid man when first deposited finely 
fibrillar but soon becomes homogeneous and that not product 
degeneration cell fibril, nor something filtered out the 
blood-like serum, but abnormal product the fibroblast. 
His argument that more reasonable regard amyloid the 
product the fibroblast, which normally produces fibrils, than 
the endothelial cell which does not, forcible. also calls atten- 
tion the fact that chondroitin sulphuric acid constituent 
some the normal products these cells; namely, elastic fibers and 
chondromucin. between its formation endothelial cells and 
fibroblasts, these facts are certainly favor the latter. pre- 
viously noted, its fibrillar appearance the spleen and kidneys 
these rabbits sometimes quite evident. fibrillar appearance, 
however, does not seem the writer good evidence that produced 
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such either fibroblasts endothelial cells. The variation the 
morphological appearance the amyloid different situations 
these rabbits has already been noted. One also impressed 
reviewing the literature with the variations appearance described 
different authors, some believing fibrillar homogeneous, 
others granular, and others crystalline. the various theories 
advanced the nature this substance, the idea that 
homogeneous, semisolid, infiltrating substance would seem ex- 
plain these variations morphological appearance better than any 
other, variations being produced, they are particularly apt 
colloidal materials, postmortem changes the processes 
fixation, and being less easily produced older deposits, perhaps 
because greater inspissation. such substance were produced 
deposited narrow tissue spaces, might well appear fixed 
specimens thin sheets fibrils. With atrophy intervening 
collagen which Mallory describes occurring following 
the appearance the amyloid fibrils, the infiltrating material might 
well fuse form the homogeneous masses the later stages. 

Living bacteria only were tried the experiments here reported. 
That the injection dead colon bacilli alone might result amyloid 
deposits suggested the results Davidsohn (16) mouse in- 
jected with dead bacteria, and that toxins decomposition products 
the culture media might produce suggested the results 
Krawkow (7) and Nowak (17), each rabbit injected with filtrate 
culture Bacillus pyocyaneus and those horses immunized 
with diphtheria toxin. These are questions not answered these 
experiments. That could due the normal constituents 
beef extract broth would seem improbable. That this not the case 
evidenced Rabbit which had received twenty-five intravenous 
injections sterile broth period 101 days before the bacterial 
injections were begun. The period injection sterile broth was 

thus not long that some the rabbits which showed amyloid, 
but longer than two the rabbits, and about the same that 
third which showed definite amyloidosis. 

The question whether the ability produce amyloidosis 
common property all pathogenic bacteria confined 
certain species classes, considerable practical interest and also 
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one which has not been answered. From study previous work 
seems evident, spite conflicting reports, that subcutaneous 
suppuration produced living Staphylococcus aureus hens and 
rabbits may, especially the former, ultimately result the for- 
mation amyloid deposits. ‘The positive results reported with other 
organisms are few and the variety animals which these results 
were obtained great, that difficult draw conclusions 
this regard. The criticism made the experiments sub- 
cutaneous suppuration has been produced turpentine, ferments, and 
bacterial toxins,—that bacterial contamination was not excluded,— 
seems justified. The difficulty keeping such subcutaneous lesions 
uncontaminated, especially with staphylococcus which know will 
produce amyloid, over periods weeks months obvious. 
Attention has already been called, reviewing the literature, the 
contradictory reports regards the possibility producing amy- 
loidosis subcutaneous suppuration and also the inconsistency, 
far time concerned, the experiments the various investi- 
gators who have reported positive results. contrast with previous 
work the constant results here reported suggest the importance 
bacteriemia the production amyloid and afford possible expla- 
nation the varying results previous experiments, that some 
cases bacteriemia resulted while others the infection remained 
localized. Certain results reported, particularly those horses, 
indicate that toxemia sufficient, without actual bacteriemia. 
The author has previously stated that the experiments here re- 
ported with colon bacilli are part larger series which various 
bacteria were used. The only rabbit injected with other varieties 
bacteria which lived days longer (that is, longer than the short- 
est period which amyloid was produced with colon bacilli) was one 
injected with Bacillus typhosus. This animal received forty injections 
cc. each broth culture period 125 days. Another rabbit 
days. Neither these rabbits showed amyloid deposits. One 
would not justified from these two instances drawing definite 
conclusions, yet the results would seem indicate that least there 
marked difference the facility with which amyloid produced 
different organisms. The principal other bacteria used were 
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various strains streptococci. Amyloid was not produced, but 
inasmuch the duration the longest experiments was days 
(ten injections) and days (twenty-two injections) comparative 
conclusions these instances also are not warranted. experi- 
mental investigation should prove that amyloid produced more 
easily some varieties organisms their products than others, 
careful investigation the numbers and varieties bacteria pres- 
ent pulmonary cavities chronic tuberculosis would also 
interest possibly affording explanation the recognized fact 
that amyloidosis extreme some cases chronic tuberculosis 
while entirely lacking others equal duration and extent lesions. 
The explanation which has been offered individual and racial sus- 
ceptibility seems inadequate explain the marked differences seen 
this regard. least the explanation one which should not 
resort until the above possibility has been excluded. 


SUMMARY. 


The repeated intravenous injection rabbits with living Bacillus 
coli communior over long periods has resulted the formation 
amyloid deposits the spleen, liver, and kidneys. Suppurative 
lesions were not present most cases and therefore not factor its 
production. The results have been constant that amyloid was 
found all rabbits, eight number, which were injected over 
period days more. rabbits showed amyloid the 
spleen, six these the kidneys also, and three the liver. 

The kidneys these eight rabbits also showed result the 
injections subacute and chronic glomerulitis, parenchymatous 
degeneration, some interstitial infiltration with round cells, and 
slight cellular proliferation connective tissue, thus resembling the 
chronic parenchymatous nephritis man which commonly 
associated with amyloid disease. 


conclusion wish express appreciation the advice and 
assistance Dr. Ophiils throughout this work. 
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EXPLANATION PLATES. 
110. 


Fic. Rabbit 15. Spleen. portion Malpighian body shown which 
was surrounded and partially replaced amyloid. giant cell seen, the 
upper end the picture, with amyloid inclusions. Camera lucida water color 
drawing Dr. Blaisdell. Zeiss obj. E., oc. Stained with methyl 
violet. 

Fic. Rabbit 15. Liver. The picture shows considerable deposit amyloid 
between the capillary walls and liver cells with granular degeneration and atrophy 
the latter. The amyloid has finely granular appearance. Camera lucida 
water color drawing Dr. Blaisdell. Zeiss obj. E., oc. Stained with 
gentian violet. 


111. 


Fic. Rabbit 14. Kidney. The upper glomerulus was homogeneous 
appearance with loss normal structural detail and contained many pyknotic 
nuclei and large homogeneous appearing amyloid body. The lower glomerulus 
showed general thickening the vascular loops with two small amyloid nodules. 
There were adhesions both cases between tuft and capsule. Camera lucida 
water color drawing Dr. Blaisdell. Zeiss obj. E., Stained with 
violet. 
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Fic. Rabbit Malpighian body shown surrounded and 
encroached upon amyloid formation; also thickening and deposition 
amyloid the reticulum the pulp. Microphotograph. Bausch and Lomb 

Rabbit 14. Spleen. The photograph shows fibrosis affecting the 
Malpighian body and also the reticulum the pulp. There some amyloid 
about the Malpighian body, but relatively more pronounced this case 
the reticulum the pulp. Microphotograph. Bausch and Lomb obj. oc. 1.. 


113. 


Fic. Rabbit 13. Kidney. The photograph shows eight glomeruli each 
which there are adhesions between tuft and capsule. Two glomeruli, the one 
the top the picture the middle and also that the bottom, show large 
amyloid bodies. Microphotograph. Bausch and Lomb obj. oc. 


114. 


Rabbit 13. Kidney. higher magnification the glomerulus seen 
the top Fig. Note the fine large cellular adhesions, the 
hyaline body, and the swelling and slight proliferation the lining cells the 
capsular space. adjacent section this same glomerulus the hyaline body 


gave typical amyloid reaction with methyl violet. Microphotograph. Bausch 
and Lomb obj. oc. 


Prate 115. 


Fic. Rabbit 13. Kidney. glomerulus from the same rabbit but not 
the field Fig. Note the extensive adhesions and the large hyaline body 
containing some nuclear débris. adjacent section the hyaline body this 
glomerulus gave typical amyloid reaction with methyl violet. Microphoto- 
graph. Bausch and Lomb obj. oc. 

Fic. Rabbit 15. Kidney. Note the large body the glomerulus with 
few pyknotic nuclei and some nuclear débris. adjacent section this 
same glomerulus the entire body gave typical amyloid reaction, the material 


appearing distinctly fibrillar and finely granular form. Microphotograph. 
Bausch and Lomb obj. oc. 
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BACTERIOLOGICAL AND EXPERIMENTAL STUDIES 
GASTRIC ULCER. 


HERBERT CELLER, M.D., WILLIAM THALHIMER, 
(From the Pathological Laboratory, Mount Sinai Hospital, New York.) 


(Received for publication, March 1916.) 


Many investigators have attempted produce chronic gastric 
ulcers experimentally. These experiments have been performed 
various species animals, and great variety methods has been 
used causing the original injury to, defect the gastric mucosa. 
All these attempts have failed, and the continuity the gastric mu- 
cosa was always restored prompt healing unless the procedure 
caused complete stoppage the blood supply part the 
stomach. This was followed some instances infarction and 
perforation and its sequele. 


Recently Rosenow! has published some interesting investigations the pro- 
duction acute and chronic gastric ulcers rabbits and dogs. His full report 
has not yet appeared. isolated anhemolytic streptococci, called Strepto- 
coccus viridans mitis, from per cent series gastric ulcers removed 
from human subjects operation. Recently isolated cultures were injected 
intravenously into animals, and per cent gastric ulcers were found. Ina 
few animals which were allowed live for considerable time after their inocu- 
lation, some instances several months, chronic ulcers were found autopsy. 
From these results Rosenow has reached certain conclusions which may 
briefly summarized follows: 

Anhemolytic streptococci can recovered special technique from 
practically all gastric ulcers removed operation. 

The streptococci from this source possess specific affinity for the stomach 
which enables them localize this organ, when recently isolated cultures 
are injected intravenously into animals. 

About per cent the animals inoculated this manner develop gastric 


This work was done under the tenure George Blumenthal, Jr., Fellowship. 
Rosenow, C., and Sanford, Jour. Infect. Dis., 1915, Jour. 
Ind. State Med. Assn., 1915, viii, 458; Jour. Am. Med. Assn., 1915, 1687. 
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ulcers. Other lesions also occur following these inoculations, but with less 
frequency. 

Streptococci can recovered from these experimental ulcers and can 
demonstrated histologically. They reach this location the blood stream and 
are deposited the capillaries the gastric mucosa. 

These streptococci are identical with those inoculated. 

Anhemolytic streptococci are, therefore, the cause gastric ulcers man, 
and these organisms reach the stomach hematogenous route. 


The following experiments were undertaken following Dr. 
Rosenow’s presentation his investigations New York April, 
1915. The technique which employed isolating and injecting 
the streptococci identical with his. are indebted Dr. 
Rosenow for having furnished with description his technique 
before the publication his work. 


Eight chronic gastric ulcers removed operation from human sub- 
jects were examined bacteriologically and histologically have 
also studied one ulcer occurring the ostium gastrojejunostomy. 
The results obtained from these examinations and the animal experi- 
ments performed with the organisms recovered from these ulcers 
form the basis the following report. Although the number speci- 
mens studied has not been large, the consistency the results ob- 
tained all three methods investigation seems justify 
the present communication. 

The eight gastric ulcers studied were all the chronic indurated 
type. All the cases from which they were removed had typical 
gastric symptoms which varied duration from months 
years. Two the ulcers were located the pylorus and six the 
lesser curvature. 

examination the stomach operation the ulcer-bearing area 
was found thickened and indurated and either defect the mucosa 
crateriform ulcer was felt. 

Brief descriptions the gross appearance the specimens exam- 
ined follow. 


Small piece ulcer removed. Ulcer felt crateriform operator. 
Funnel-shaped ulcer the greater curvature, near pylorus, 1.5 cm. 
width, with firm fibrotic margins. 
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Ulcer the lesser curvature, 1.5 cm. width, extending through the 
entire gastric wall into the gastrohepatic omentum. Edges overhanging, firm, 
and fibrotic. 

The same appearance 

Ramifying, irregular ulcer involving the lesser curvature, the entire pyloric 
antrum, and the first cm. the duodenum. has punched out appearance 
with sharp edges, not overhanging; the base extends into the muscularis. 

the middle the lesser curvature the pyloric antrum there ulcer 
cm. width, perforating entirely through the stomach wall into the gastro- 
hepatic omentum, with sharp, firm edges that not overhang. 

Round, punched out ulcer, cm. width, with firm edges which slightly 
overhang. The ulcer extends almost through the entire wall the stomach. 

The specimen consists segment the middle cm. the stomach. 
The middle the posterior wall occupied perforated ulcer, cm. 
diameter, with sharp edges. 

Gastrojejunal specimen was removed from patient whom 
years previously posterior gastrojejunostomy the Murphy button method 
had been performed, together with pyloric exclusion the string method for 
perforated duodenal ulcer situated just beyond the pylorus. 

Operation and Specimen.—At the site the former duodenal ulcer there 
indurated area. The string still place and the pylorus almost completely 
closed, barely admitting the tip the little finger. The gastrojejunostomy 
opening considerably stenosed and admits only the tip the little finger. 
The edge the ostium appears soft and normal over about two-thirds its cir- 
cumference. The remaining one-third feels indurated and the serous surface 
over this bright red color and shows few very recent, fibrinous adhesions 
between the jejunum and the transverse mesocolon. The anastomosis between the 
jejunum and the stomach was separated with difficulty. Beneath the reddened 
portion the ostium was found what appeared definite and somewhat 
indurated ulcer the stomach, 1.5 cm. size. This portion was resected and 
new gastrojejunostomy was performed the same site, the suture method. 


Methods. 


Immediately after the operation pieces ulcer were removed for 
culture and the remainder the material was fixed per cent 
alcohol. Some the pieces were incubated deep tubes glucose- 
serum-bouillon for and hours and then alcohol. Sections 
were prepared both the paraffin and celloidin methods and stained 
with hematoxylin and eosin, Giemsa and Unna-Pappenheim stains, 
and the Gram-Weigert method. 

Formalin fixation was not used this interferes with the demon- 
stration bacteria. The aniline oil, gentian violet used the Gram- 
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Weigert method was always filtered through Berkefeld filters re- 
move any bacteria present which might deposited the section 
and lead confusion. 


Microscopical Studies. 


Microscopical examination reveals great similarity the patho- 
logical processes the specimens. All the ulcers show certain promi- 
nent characteristics. edge the ulcer sharp, though cut 
off, even when isoverhanging. The mucosa the edge shows only 
superficial degeneration and moderate grade chronic in- 
flammation consisting congestion, edema, and diffuse infiltration 
with mononuclear leukocytes, plasma cells, and few polymorpho- 
nuclear leukocytes. The glandular structures the edge the 
ulcer show slight degenerative changes their cells. Some the 
glandular acini crypts also have the appearance being cut off 
and not reach the surface the mucosa but terminate the edge 
the ulcer. Whenever found, the cells the acini are contained 
within their basement membrane and show tendency hyper- 
plasia malignant transformation. The lining, the surface 
the ulcer, consists narrow layer from one-eighth one- 
third the diameter low power field the microscope thick- 
ness and resembles very much the degenerating tissue which 
found situated tuberculous lesions between the areas caseation 
and the surrounding tuberculous granulation tissue. The layer 
degenerating tissue fuses with transformed into dense fibrous 
tissue, although the line demarcation clearly seen. fibrous 
tissue extends for considerable distance, places much 
cm., into the submucosa and muscularis. has the typical charac- 
teristics scar tissue and seems form wall beneath the ulcer. 
Some the ulcers have completely penetrated the stomach wall, 
but the edges are always covered the above structures and the bare 
muscularis never exposed. The connective tissue septa which lie 
between the muscle bundles and are accompanied blood vessels, 
are increased size fibrous tissue and dense infiltration with 
mononuclear leukocytes. Similar areas fibrosis and infiltration are 
found beneath and the serosa. 

Occasionally, but only rarely, prolongations the degenerat- 
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ing surface layer, several mm. size, are found the dense fibrous 
tissue layer, but these are always completely limited the latter. 

With the special stains for bacteria, especially with the Gram- 
Weigert stain, organisms are found only upon the lining the 
degenerating tissue but never the depths this except the pro- 
longations described above. The organisms usually occur small 
clumps sparsely scattered individuals, and are not found the 
dense fibrous layer, the stomach wall, the connective tissue septa, 
the areas leukocytic infiltration the serosa. The chief organisms 
found are minute cocci (streptococci), peculiar forms yeast, and vari- 
ous types bacilli. The same forms are found great numbers 
throughout the tissue which was incubated bouillon before was 
fixed alcohol, but are most numerous and near the surface the 
ulcer. The types organisms observed the preparations from 
the material fixed immediately and the organisms recovered cul- 
tures are given parallel columns Table 

all, 109 tubes were inoculated either with emulsions pieces 
ulcer. Streptococci were present tubes, occurring pure cul- 
ture 11. tubes remained sterile, and the other tubes con- 
tained various types organisms. 

The streptococci were anhemolytic and had the following morpho- 
logical and cultural characteristics. 


preparations. Small, Gram-positive cocci, forming 
suort and lung chains. capsule. Hanging drop growth deep tubes 
glucose-serum-bouillon shows long convoluted chains. 

diffuse cloudiness; many granular clumps adherent the 
sides the tube and also deposited the bottom sediment. 

Litmus Milk.—Acidified but not coagulated. 

fluidified. 

Inulin-Serum-Peptone-W ater-M edium.—Not fermented. 

solution organisms. 

Per Cent Glucose-Serum-Agar.—Dry, granular, fairly profuse growth. All 
strains cause precipitation, most them marked 

Plain Agar.—Sparse, dry growth, mostly minute, discrete, pearly white 
colonies. 


E., Jour. Med. Research, 1901, 84. 


796 


Ulcer. 


STUDIES GASTRIC ULCER 


TABLE 


Types organisms found sections 
ulcers. 


Few groups round bodies, 
suggestive cocci, upon surface 
ulcer. 


Small groups cocci, few ba- 
cilli, some them diphtheroids, 
found and degenerating 
lining near edge ulcer. 


cocci surface ulcer. 


Large numbers organisms 
singly and clumps found de- 
generating surface lining ‘of 
ulcer. These are mostly small 
cocci long chains; many large 
bacilli and few slender bacilli. 


Few organisms and upon de- 
generating lining ulcer. These 
are mainly large and small bacilli 
and few cocci. 


Organisms recovered cultures from ulcers. 


Streptococci and several unidentified ba- 
pure cultures. tubes inocu- 
lated; contained streptococci. 


Streptococci, Bacillus subtilis, Micro- 
coccus tetragenus, large Gram-positive bacilli, 
diphtheroid tubes inoculated. 
Streptococci pure and together with 
bacilli another. 


Streptococci, yeast, Staphylococcus albus, 
Gram-positive and Gram-negative motile 
bacilli, Gram-positive non-motile bacilli. 
tubes inoculated, which contained 
pieces ulcer. one the latter strep- 
tococci were found pure culture; 
other tube they occurred together with 
Gram-positive bacilli, 


Streptococci were seen cultures but 
could not isolated; slender Gram-positive 
bacilli, staphylococci, spore-bearing Gram- 
positive bacilli, and pleomorphic Gram- 
positive bacillus were isolated. tubes 
inoculated, which contained pieces 
ulcer. the latter cocci long chains were 
seen; tubes were sterile. 


Streptococci, Gram-positive bacilli, mo- 
tile Gram-negative bacilli, Staphylococcus 
albus, Bacillus subtilis, Gram-negative spore- 
bearing bacilli. tubes inoculated, 
which contained pieces ulcer. 
the latter streptococci were found almost 
pure culture and the other there were 
few chains streptococci and Gram-nega- 
tive motile bacilli. 

the remaining tubes, contained 
streptococci pure culture, and con- 
tained streptococci together with more 
other organisms. 
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TABLE I—Concluded. 


Ulcer. 


Types organisms found sections 


Organisms recovered cultures from ulcers. 

Few bacilli surface ulcer. Streptococci, yeast, staphylococci, Bacillus 
prolongation the necrotic spore-bearing Gram-negative ba- 
lining the ulcer into the depth cilli. tubes inoculated, with pieces 
there are yeasts, scattered and ulcer, which contained 
large clumps; small cocci, some gether with Gram-positive bacilli. 
which are chains; large the remaining tubes streptococci were found 
cocci. pure culture, together with other 

organisms, and tube was sterile. 

and upon the degenerating Yeast, Staphylococcus albus, small Gram- 
lining are found masses yeast positive bacillus. tubes inoculated. 
but bacteria. None contained streptococci, but yeast and 

Staphylococcus albus were recovered from 
all. 

and upon the degenerating Streptococci, yeast, Bacillus subtilis, staph- 
lining are many cocci, some ylococci, Gram-positive bacilli, large strepto- 
chains. There are many bacilli. tubes inoculated, with pieces 
bacilli present cocci; some ulcer. The latter contained streptococci 
the bacilli are large and chains together with other organisms. the re- 
and some are small. Yeasts mainder, contained streptococci pure 
tube-like stems are also found. culture, contained streptococci and 

bacilli, and were sterile. 

Gas- bacteria demonstrable Streptococci, staphylococci, short Gram- 
tro- Gram-Weigert method. positive bacillus. tubes inoculated, 
jeju- with piece ulcer. Streptococci recovered 
nal. 


pure culture from tubes and together 
with staphylococci tubes. tube was 
sterile, contained short Gram-positive 
bacillus, and including the tube inoc- 
ulated with piece ulcer, contained 
staphylococci. 


Plain Blood Agar.—Small discrete fused colonies, gray reflected light, 


and opaque and surrounded narrow green zone transmitted light. 
hemolysis. 


From seven ulcers recovered anhemolytic streptococci; strepto- 
cocci were seen cultures from the eighth but could not isolated, 
and from the ninth streptococci were recovered. 
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Yeasts were recovered from four ulcers. They were not identified, 
but grew luxuriantly aerobically all the ordinary laboratory 
media. Morphologically slight variations the strains were noted. 
They resembled morphologically the Saccharomyces described 

Method Inoculation. 


Recently isolated cultures were injected most the experiments, 
the exact generation being given the table, generation” mean- 
ing the original culture. The material for inoculation was prepared 
follows: 

hour growth streptococci was obtained either deep 
tubes glucose-serum-bouillon slants glucose-serum-agar. 
About cc. the growth bouillon were centrifuged, washed twice 
with normal saline solution, and the resulting sediment was taken 
cc. normal saline solution. The hour growth from 
one four glucose-serum-agar slants was similarly washed with 
normal saline solution and the sediment resuspended salt solution. 

serum-agar was made several cc. normal saline solution. 

The entire amount suspension prepared was used for intravenous 
injection into the ear vein and from cc. for injection into 
branch the gastric artery. For the gastric artery injection the 
animals were etherized and laparotomy was performed under aseptic 
precautions. The stomach was delivered and branch the gas- 
tric artery, usually the anterior wall, was injected with very 
fine needle and Record syringe. The part supplied always blanched 
during injection, but the color immediately returned withdrawal 
the needle. Very little hemorrhage followed and this was quickly 
controlled compression. The wounds every animal healed per 
primam and none developed peritonitis. Subsequent investigation 
was made through laparotomy wound, opening the stomach widely 
and inspecting the entire mucosa directly. These gastric incisions also 
healed promptly and several animals the stomach was opened 
second time without apparent injury. 


Besson, A., Technique microbiologique sérothérapique, Paris, 5th edition, 
1911. 
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Animal Experiments. 


Rabbits and cats were used our experiments. Most the 
rabbits were injected intravenously with streptococci, but some the 
injections either streptococci yeast were made directly into 
branch the gastric artery. Streptococci were injected into branch 
the gastric artery two cats and yeast the other two. 


Table gives condensed form the experiments and their 


Gastric Lesions Rabbits Following Intravenous Injection 
Streptococci. 


Thirty rabbits were injected intravenously with streptococci. 
Gastric lesions developed four (13.3 per cent). 


Rabbit days after injection. 

Stomach.—Over the anterior wall the stomach near the cardia there are 
three pale, almost circular areas seen the serosa. One these the ter- 
mination group blood vessels springing from the lesser curvature. Be- 
neath these areas are what appear defects the mucosa, from mm. 
width. The edges are abrupt and irregular and one cannot tell whether the 
base the defects covered the mucosa not. 

Microscopical defects extend almost through the mucosa, 
with slight inflammatory reaction about them. Gram-Weigert stain shows vari- 
ous types bacilli and cocci along the entire surface the mucosa and defect. 
The same organisms occur the tissues just beneath the surface, but greater 
depth the site the defect than elsewhere. predominance cocci. 

Rabbit day after injection. 

Stomach.—The anterior wall the cardiac region bright red. The mucosa 
beneath this also bright red. defects found. 

Microscopical Examination.—(Two blocks.) Section From non-hemorrhag- 
area. are normal. There are bacteria the mucosa, but the 
surface are found the large Gram-positive bacilli that occur the surface all 
stomach sections. 

Section From hemorrhagic area. There engorgement the capil- 
laries the mucosa just beneath the surface, and slight extravasation. 
bacteria this area. the other end the section, which includes normal 
tissue, just beneath the surface the mucosa, there very large clump 
Gram-positive cocci, some them chains, but mostly occurring diplococci 


number experiments were performed with organisms recovered from other 
gastric ulcer cases, which hope embody later report. 
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bacillary forms. There inflammatory reaction found around this area 
and only slight, almost insignificant amount extravasation red blood cells. 

Rabbit IV.—Killed days after injection. 

Stomach.—On the anterior wall the pyloric antrum, near the lesser curvature 
are two hemorrhagic areas the mucosa, mm. size, and few mm. from 
one another. There superficial defect over these areas and the mucous mem- 
brane around them for distance mm. slightly reddened. 

Microscopical Examination—Serial sections superficial defect. Gram- 
Weigert stain. V-shaped defect, half way through the mucosa, the midst 
the hemorrhagic area. Very large bacilli are invading the defect from the sur- 
face. streptococci. bacteria any the blood vessels. 

Rabbit VI.—Animal became sick and was killed days after injection. 

the mucosa the anterior wall the pyloric antrum there 
superficial hemorrhagic by4mm. The mucosa around reddened, 
and adherent blood-stained mucus. 

Microscopical Examination—A considerable area mucosa shows slight 
hemorrhagic infiltration, with hyaline thrombosis few the superficial 
blood vessels and moderate degeneration the superficial third the mucosa. 
Just beneath the center this area are several arteries and veins the sub- 
mucosa which show slight inflammation their walls but change the lumen. 

Serial stain. cocci any the vessels 
going the mucosa. bacteria except surface bacteria various types. 


Gastric Lesions Rabbits Following the Injection Branch the 
Gastric Artery with 


eight rabbits branch the gastric artery was injected with 
streptococci, according the method described above. Gastric 
lesions developed six (75 per cent). 


Rabbit IV.—Killed days after injection. 

The peritoneal cavity contains small amount fluid and clotted blood, and 
the omentum and portions the stomach are infiltrated with blood. Omen- 
tum adherent over stomach. Serosa over injected area pale, and shows be- 
neath few pin-head, cream-colored areas, which look like miliary abscesses. 
Mucosa over these areas shows small hemorrhagic patches with slight defects 
the mucosa, well miliary, cream-colored areas similar the above. 

Microscopical Examination.—There are several large hemorrhagic areas 
the serosa and collections leukocytes almost the degree abscess formation. 
There are about half dozen depressions along the surface the mucosa which 
are V-shaped, and about these depressions slight hemorrhagic infiltration 
with partial degeneration the structures. These areas reach half way 
through the mucosa. Over most these depressions the surface epithelium 
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intact but slightly degenerated and there slight fibrinous exudate adherent 
the surface. 

Gram-Weigert stain. Upon the mucosa over the hemorrhagic and purulent 
areas are great number bacteria, most them large bacilli; bacteria are 
found the hemorrhagic and purulent areas the mucosa. Bacteria are pres- 
ent the serosa and correspond those the surface the stomach. These 
are probably secondary invaders. 

Rabbit days after injection. 

Stomach.—The branch artery injected identified small hemorrhagic 
spot the site injection. Distal this the vessel seems empty. the 
serous coat, the portion directly supplied the injected artery, area, 1.5 
cm., shows beneath the serosa thin layer thick, cream-colored pus. Be- 
neath this seen, from the mucosal side, irregular, punched out defect, 
0.5 cm., with raised, edematous edges, and area edema around it, cm. 
width. The base the defect formed very thin, transparent portion 
the wall the stomach. About cm. from the defect hemorrhage the 
mucosa, mm. wide. The remainder the stomach normal. 

Microscopical base the defect shows degeneration and 
necrosis almost far the serosa. The edge the defect fairly sharp and 
shows similar condition degeneration. 

Gram-Weigert stain. the depth the defect, just beneath the serosa and 
reaching for short distance into the muscularis, are found solid clumps strep- 
tococci filling the capillaries and small blood vessels. Between these, scattered 
throughout the tissues, are diffuse collections streptococci. and immedi- 
ately beneath the necrotic surface the defect are large clumps bacilli. Indi- 
vidual bacilli also lie scattered between the clumps. 

cross section portion the stomach with arteries near the defect, one 
the arteries seen filled with organizing thrombus; the other arteries 
are normal. There are bacteria the thrombus. 

Rabbit days after injection. 

Stomach.—About one-third filled with food. Delicate adhesions between the 
cardiac half stomach and surrounding viscera. Over the cardiac half the 
stomach, especially near the greater curvature, the mucosa shows numerous 
minute hemorrhages. defects. 

Microscopical examination was not made. 

Rabbit days after injection. 

Operation.—Attempt make injection into branch the gastric artery 
near the cardiac end the stomach the anterior wall failed. Injection was 
made into another blood vessel the anterior wall the stomach, though 
could not determined whether was vein artery. blanching the 
portion the stomach injected. Previous attempt injection resulted 
large hematoma the lesser curvature the stomach. Two large branches 
the gastric artery the posterior wall the stomach were injured delivery 
the stomach. Animal returned cage good condition. 
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along the lesser curvature. About the vessel the 
anterior wall which was injected there area about 0.5 cm. showing 
hemorrhages and small amount thick pus beneath the serosa. the poste- 
rior wall the fundus near the greater curvature, corresponding the area sup- 
plied the injured arteries, the stomach adherent two places one the 
lobes the liver. The mucosa the stomach immediately beneath these ad- 
herent areas shows irregular defect 0.5 cm. width which extends half way 
down through the gastric wall. The base the defect reddened; the edge 
edematous and slightly reddened. Beneath the hemorrhagic areas, the 
anterior wall the stomach where the injection was made, there are changes 
the mucosa. The stomach otherwise negative. 

Examination.—Defect posterior wall. Superficial defect 
half way through the mucosa with degenerative changes, slight hemorrhages, etc. 
One large vein the submucosa shows beginning mural thrombosis. strepto- 
cocci other bacteria the depth the defect. Various types bacteria 
present the surface the normal portion the stomach and the surface 
the defect. Adhesions over the serosa contain bacteria. Gastric arteries 
supplying the area the defect are normal. 

Gram-Weigert stain. Usual types bacteria surface defect and neigh- 
boring normal mucosa, none tissues except few surface type organisms 
the hemorrhagic area the serosa. 

The serosa lesions the anterior wall shows edema and slight hemorrhagic 
and leukocytic infiltration. Vessels and mucosa are normal. Gram-Weigert 
stain. Usual surface bacteria are present, but organisms are found the 
tissues. 

Rabbit days after injection. 

the serous surface the anterior wall the fundus, the 
center the region supplied the injected artery, there creamy yellow area, 
cm., where the omentum adherent. There are other smaller areas 
thickening serosa. Beneath the large area, practically the entire thickness 
the stomach wall from the mucosa outward necrotic, forming defect with 
hemorrhagic edge and necrotic base. The branch artery injected good 
condition. 

Microscopical Examination.—There defect the mucosa. Beneath the 
defect the gastric wall shows large masses pus cells, edema, congestion, and 
degeneration tissues, amounting almost necrosis places. thrombi 
veins arteries. 

Gram-Weigert stain. There are masses cocci the inflamed and degener- 
ating area and similar masses the overhanging edge the defect apparently 
lying the capillaries lymphatics. 

Rabbit days after injection with killed culture streptococci. 

Stomach.—Minute scar the point injection the artery. Mucosa 


fundus, near the greater curvature, shows few minute hemorrhages but de- 
fect over them. 
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Microscopical Examination.—Congestion superficial capillaries. hemor- 
Gram-Weigert stain. cocci, other bacteria, except few usual 
types the surface. 


Gastric Lesions Cats Following the Injection Branch the 
Gastric Artery with 


two cats branch the gastric artery was injected with strep- 
tococci. Both animals developed defects the gastric mucosa, which 
soon began heal and were observed have healed completely 
days. 


Cat well days after injection. 

Stomach Operation.—Explored under ether anesthesia. Few adhesions found 
between the anterior wall the stomach and the omentum, 
the posterior wall and the posterior wall the lesser peritoneal sac. Along the 
lesser curvature there indurated area about cm. the region supplied 
the injured artery. Beneath this seen punched out area the mucosa 
that may either shallow erosion healing defect. Stomach otherwise 
negative. The incision the stomach, which was parallel the greater curvature 
and cm. from the anterior wall, was closed with double row sutures. 
days after injection the abdomen was opened under ether anesthesia. 
sign defect found serous mucous coats stomach. Animal killed. 

Cat days after injection. Cat has remained entirely well and well 
nourished. 

Operation.—Performed under ether anesthesia. Stomach free and nowhere ad- 
herent. the lesser curvature, where the injected artery enters the stomach, 
there indurated area involving the entire wall the stomach, 1.5 cm. wide 
and about the normal stomach wall thickness. The stomach was opened 
the anterior wall the greater curvature for distance cm., 1.5 cm. 
from the greater curvature and the same distance from the indurated area. Be- 
neath this indurated area shallow, irregularly round defect the mucosa 
with indurated margins. The edge the defect formed bright red line, 
apparently granulations, though were healing. Stomach closed. Animal 
returned cage good condition. days after the injection the cat was again 
etherized. Slight puckered scar serosa over the site the previous defect. 
Mucosa corresponding point shows slightly puckered area, entirely healed. 
Animal killed. 

Microscopical mucosa completely regenerated over the 
site the ulcer. made glands which are slightly atypical. slight 


defect the submucosa has also been repaired. Gram-Weigert stain shows 
bacteria. 
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Gastric Lesions Rabbits Following Injection with east. 


Three rabbits were injected intravenously. Two these animals 
developed minute hemorrhages the gastric mucosa. 


Rabbit hours after injection. 

Stomach.—Many minute mucosa. 

Microscopical Examination.—Negative; yeast. 

Rabbit IV.—Killed days after injection. 

minute hemorrhages mucosa, not examined microscopically. 

addition branch the gastric artery was injected one rabbit II). 
The animal was killed the 7th day and showed lesions autopsy. 


Gastric Lesions Cats Following Injection Yeast into Branch 
the Gastric Artery. 


Two cats were injected. The animals died the 12th 
and 13th days respectively, and lesions were found autopsy. 


Summary Cardiac Lesions. 


the thirty rabbits injected intravenously with streptococci, 
fourteen (47 per cent) developed cardiac lesions. two, minute 
vegetations containing streptococci were present. remainder 
showed either petechial hemorrhages the gross appearance 
myocarditis, and practically all these hearts contained micro- 
scopical lesions the Bracht and Wachter 

the eight rabbits which branch the gastric artery was 
injected two (25 per cent) developed minute hemorrhages the 
endocardium. 

the three rabbits injected intravenously with yeast one showed 
hemorrhages the endocardium. 


DISCUSSION. 


result the above studies impossible decide defi- 
nitely whether not the gastric lesions produced the injection 
streptococci are considered ulcers. The superficiality the 
rabbit lesions following the injection the intravenous route well 
the entire absence inflammatory reaction the deeper gastric 


Thalhimer, W., and Rothschild, A., Jour. Exper. Med., 1914, xix, 429. 
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tissues leads the belief that these defects are certainly not 
gous the chronic gastric ulcer seen the human stomach. 
The promptness healing the embolic lesions the cats tends 
strengthen this conclusion. This point will discussed more fully 
below. 

Apparently striking results were obtained Cats and II, 
where the injection streptococci into branch the gastric artery 
resulted the formation shallow, indurated defects that might 
considered ulcers. However, these defects were found healing 
the 10th and 18th days respectively, and were completely healed 


the 33rd day. 


has been demonstrated Wilensky and and 
others that defects produced mechanically the gastric mucosa and 
muscularis cats heal weeks. the defects produced 
the rabbits injection into branch the gastric artery strepto- 
cocci were found great numbers the tissue about the lesions. 
analogy may assumed, even the absence microscopic 
proof, that streptococci were also present some time the lesions 
the cats. The embolic lesions the stomachs the cats our 
series healed spontaneously within approximately the same length 
time those mechanically produced. evident, therefore, 
that these instances the injected streptococci failed retard the 
process healing. 


The constant presence anhemolytic streptococcus human 


gastric ulcers might adduced argument favor the part 
played this organism the cause the chronicity the lesion. 
streptococci could demonstrated considerable numbers the 
depth human gastric ulcer this conception would gain firmer basis. 
has found streptococci all the coats the stomach, 
some the organisms even lying just beneath the serosa. men- 
tion made the number organisms this position. our 
series ulcers, however, despite the examination many sections, 
the streptococci were found only beneath the surface the 
defect. 


Bolton, C., Jour. Path. and Bacteriol., 1915, xx, 133. 
Wilensky, O., and Geist, H., Jour. Am. Med. Assn., 1916, 1382. 
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The case gastrojejunal ulcer described above seems impor- 
tance this connection. This ulcer might readily considered 
due primarily purely mechanical factors. Streptococci were re- 
covered culturally from emulsified pieces tissue. Although the 
histological picture was identical with that the other ulcers the 
series the most careful search failed show the presence strepto- 
cocci the surface the lesion the tissues about it. One must 
consider the possibility that this case the streptococci were directly 
deposited upon preexisting mechanical defect and were not the essen- 
tial causative factor the formation the 

possible explanation the occurrence streptococci gastric 
ulcers may found some observations Cushing and 
These investigators found that whereas there more less definite 
bacterial flora the ileum and large intestine, this not true the 
upper portion the alimentary tract. The stomach and the duo- 
denum and times also the upper jejunum become free practi- 
cally free bacteria after certain period fasting, whereas during 
and shortly after meal great numbers organisms different 
types are found. These are greatly reduced number when sterile 
food alone taken. Cushing and Livingood, therefore, concluded 
that the normal stomach has definite bacterial flora but that this 
dependent upon the bacteria taken with the food. 


8Since this article was completed have studied another gastrojejunal 
ulcer that had the gross and microscopic appearance chronic gastric ulcer. 
bacteria were found with the Gram-Weigert stain either upon the surface 
the lesion the underlying tissues. Anhemolytic streptococci were 
isolated from several tubes glucose-serum-agar inoculated with the emulsi- 
fied ulcer. Other bacteria similar those described the body the paper 
were also recovered. 

Six rabbits were injected intravenously with the second generation the 
streptococcus and were killed periods varying from days. 
autopsy there were small hemorrhages the duodenal mucosa one rabbit, 
hemorrhages the tricuspid valve two others, and minute tricuspid vege- 
tations fourth. The structure these vegetations microscopical ex- 
amination well the absence streptococci smears and sections indi- 
cates that the injected organisms were not the cause the lesion. other 
lesions were found these four animals, and the remaining two the autopsy 
was entirely negative. streptococci were found either culturally micro- 
scopically the hemorrhagic area the duodenum. 

Cushing, H., and Livingood, E., Johns Hopkins Hosp. Rep., 1900, ix, 543. 
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Cushing and Livingood showed that neither the acidity nor the 
digestive ferments the gastric secretion have marked lethal effect 
the bacteria the stomach. They believe that the stomach be- 
comes aseptic chiefly through the mechanical removal organisms 
the passage the ingesta, and that bacteria cannot adhere nor- 
mal gastric mucosa nor they enter remain the glandular 
crypts. Whether bacteria can adhere the surface penetrate into 
the depths defects the mucosa remains determined. ‘These 
writers further state that there were two organisms from which the 
stomach freed itself with difficulty, and which were found num- 
ber examinations many hours after the intake food. These 
organisms were minute Gram-positive diplococcus and yeast. The 
same forms were found almost constantly our series gastric 
ulcers both sections and cultures. 

the light the work Cushing and Livingood one must bear 
mind the possibility that these organisms which are commonly found 
the stomach and duodenum might remain upon immediately 
beneath the degenerating lining the ulcer because favorable 
mechanical structural conditions. 

The nature both the experimental gastric and cardiac lesions 
indicates that the streptococci recovered from the ulcers are low 
grade pathogenicity, such usually found the same type 
organism isolated from other sources. Whether, having established 
themselves the surface gastric ulcer man, they are innocuous 
manifest low grade pathogenicity tending retard healing 
requires further investigation. 

addition the streptococcus other organisms were invariably 
recovered from the inoculated tubes. attempt was made iden- 
tify these strains culturally. The same types were usually identified 
microscopically sections, proving that the isolated organisms other 
than streptococci were not accidental contaminations. Furthermore, 
these bacteria were quite numerous the sections streptococci, 
and penetrated the same depth the ulcer. The types most 
frequently encountered were yeast and thick Gram-positive ba- 
cillus. Some the isolated strains yeast proved pathogenic for 
rabbits intravenous inoculation. Our data are insufficient 


warrant expression opinion the significance these 
organisms. 
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CONCLUSIONS. 


must assumed that some cause operative certain cases 
preventing the healing defects the gastric mucosa and inop- 
erative others. Even though anhemolytic streptococci are present 
practically all gastric ulcers, cannot convince ourselves that these 
organisms have been proven yet the factor which either 
initiates the ulceration prevents healing. Nevertheless, the con- 
stant presence streptococci this type lesion suggestive fact 


and further experiments determine their significance are being 
undertaken. 


wish express our thanks Dr. Berg, whose sug- 
gestion this investigation was undertaken. are further indebted 
him for the material studied, for the privilege reporting abstracts 
from his clinical records, and for other courtesies extended 
during the progress this work. 
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Skin—continued: 
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